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ABSTRACT OF DISSERTATION

CLINICAL MEASUREMENTS OF THE POSTERIOR SHOULDER
ENDURANCE TEST (PSET)
Of the intrinsic factors responsible for non-traumatic shoulder pain,
muscular endurance is often not measured by rehabilitation professionals due to
the lack of available shoulder endurance measures. Measurement properties of
the PSET have not been adequately assessed in previous studies. The purpose
of this dissertation was to develop the clinical measurement properties of the
Posterior Shoulder Endurance Test (PSET) so that it might be used as a clinical
measure of shoulder muscular endurance.
Electromyography (EMG) offers the ability to identify which muscles in the
posterior shoulder girdle are fatiguing during the PSET. Surface EMG of upper
trapezius (UT), middle trapezius (MT), lower trapezius (LT), infraspinatus (INF),
and posterior deltoid (PD) were obtained on healthy individuals during the PSET.
Median frequencies across time identified nearly all muscles fatigued at a similar
rate. Thus, the PSET is a global assessment of shoulder muscular fatigue.
The second aim of this dissertation examined the reliability and
discriminant validity of the PSET in individuals with and without shoulder pain.
Subjects were tested twice within 7-10 days. The Intraclass Correlation
Coefficients (ICC) for the painful group was ICC = 0.77; non-painful group ICC =
0.85; and combined ICC = 0.80. Receiver operating characteristic (ROC) curve
representing discriminant validity were calculated separately for males and
females. The ROC for males had good discriminant validity (AUC = 0.833) and
those with shoulder pain tended to fail in the PSET in less than 46 seconds.
Females were found to have poor discriminant validity (AUC = 0.633), yet those
with shoulder pain tended to fail in less than 47 seconds.

The final clinical assessment examined whether the PSET was more of a
strength measure or an endurance measure. Isokinetic peak torque at
60˚/second in a horizontal shoulder abduction position was used as the criterion
for strength. Isokinetic decay slope of 20 repetitions in a 60˚/second protocol of
shoulder horizontal abduction was used as the criterion for endurance. Pearson
Correlation between the time to failure of the PSET to the peak torque was r =
0.319, and between the PSET and decay slope was r = 0.054. These results
support the PSET being more of a measure of strength than endurance. Based
on secondary analysis, we speculate modifying the test based on bodyweight
rather than standardized torque for the PSET.
KEYWORDS: Non-traumatic shoulder pain, muscular endurance, isokinetic
testing, posterior shoulder endurance test, psychometrics
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Chapter 1: Introduction
Background
Shoulder pain requiring medical treatment occurs in 5-10% of the
population.1 In 2005, chronic shoulder pain was reported by 18.3 million persons
aged 18 and older and was the third most common musculoskeletal complaint
after spine and knee pain.2 Non-traumatic shoulder pain is one of the top three
physician referrals for physical therapy.3 Other names for non-traumatic shoulder
pain include subacromial impingement, tendonitis, rotator cuff tears, and bursitis.
Although the prevalence of individuals developing shoulder pain is high, even
more concerning is the 40% of those with first-time shoulder pain continue to
have pain longer than 12 months after seeking medical care.4 Non-traumatic
shoulder pain can lead to more chronic conditions of the rotator cuff, such as
partial-thickness tears and, ultimately, full-thickness tears.5 Healthcare costs
associated with treating shoulder conditions has grown to 3.5 billion USD,5 not to
mention the costs associated with lost work time or time away from sports, and
potential psychosocial treatment cost associated with chronic shoulder pain. 1,6,7
The potential causes of shoulder non-traumatic shoulder pain include
anatomic pre-disposition, soft tissue tightness, muscular weakness, poor
muscular coordination, and poor muscular endurance.8-10 Anatomic predisposition can refer to the acromion shape,11-13 the orientation or angle of the
acromion,14 or osseous changes, such as bone spurs on the inferior portion of
the acromioclavicular ligaments.13 Bigliani and Levine11 described three different
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types of acromions based on their shape. Type I is described as having a flat
undersurface, type II is curved, and type III has a hooked undersurface. 10,11
Evidence indicates that conservative treatment for rotator cuff tendinopathy has
poor outcomes in individuals with type III.15 Additionally, the AC joint develops
degenerative changes with age that narrows the subacromial space, which can
contribute to more impingement.16 However, type III acromion alone may not be
enough to create subacromial impingement,17 but cannot be changed without
surgical intervention, the focus of this dissertation is on muscular tightness,
muscular weakness, poor muscular coordination, and poor muscular endurance
which are modifiable factors that can be influenced by physical therapy
interventions.
Soft tissue tightness is defined as a muscular or connective tissue
limitation restricting the range of motion (ROM).18 Specific to the shoulder girdle,
internal rotation deficits are linked to non-traumatic shoulder pain.10,18-21
Restrictions in the posterior musculature or posterior joint capsule limit internal
rotation ROM and horizontal adduction leading to an anterior and superior
translation of the humeral head during repetitive overhead activities. This shift in
humeral head position can lead to an increased likelihood of subacromial
impingement.9,21 An increase in external rotation with a concomitant decrease in
internal rotation is created by an osseous change creating an increase in
retroversion.22 However, performing a regular stretching program focusing on
increasing shoulder internal rotation resulted in improvements in ROM.18,20
Therefore, regardless of the cause of internal rotation loss, conservative methods
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exist to reduce the risk of non-traumatic shoulder pain once the restriction’s
cause has been identified.
Soft tissue tightness of the pectoralis major, pectoralis minor, levator
scapula, and upper trapezius contributes to non-traumatic shoulder pain.23
Upper cross syndrome suggests that the anterior shoulder muscles in the thorax
are shortened and tight, while the posterior shoulder muscles, such as the middle
and lower trapezius, are lengthened and weak.23,24 Shoulder muscular
imbalance is commonly observed in the clinical setting and contributes to an
elevated and protracted position of the scapula which places stress on the
glenohumeral joint creating a painful position.23-25 Borstad and Ludewig26
demonstrated that tightness in the pectoralis minor muscle changed scapular
kinematics. A reduction in serratus anterior muscle activity coupled with an
increase in anterior scapular tilt and upward rotation was found in individuals with
a forward head and rounded shoulders posture consistent with upper crossed
syndrome.27 Stretching of the pectoralis minor improves function and reduces
pain,28 but stretching failed to improve pectoralis minor length or scapular
kinematics.28 Therefore, the extent of shoulder pain caused from muscular
tightness remains controversial, but performing therapeutic exercises designed at
improving ROM and flexibility around the shoulder is beneficial in reducing
symptoms.28,29
Regardless of the correlation between muscular tightness and shoulder
pain, reliable and valid measures are available to assess muscle length and
ROM.30-32 Objective clinical assessments for muscular tightness include
3

measuring passive range of motion and assessing passive joint end-feel.
Muscular tightness can lead to painful firm end-feels, once the position of
elongation occurs. The reliability of measuring shoulder horizontal adduction,
represented by posterior shoulder muscle tightness, is poor in painful
populations (ICC = 0.40) 33 to excellent in asymptomatic populations (ICC =
0.95).34 Note, poor reliability was found when testing occurred 8 weeks apart,
and ROM measurements are likely not stable with large test time separation.33
Muscle length and ROM assessments are commonly performed in a structured
clinical examination in patients with shoulder pain, making clinical decision
making easy for determining if an intervention needs to be performed.
Similarly, muscle weakness is typically tested upon initial examination with
either a manual muscle test (MMT) or a hand-held dynamometer (HHD). Muscle
weakness is the inability to perform a joint movement due to either poor
neuromuscular control or a lack of muscular strength.35,36 Reliability for HHD in
the upper extremity has been reported in multiple studies.37-42 Schrama et al.42
performed a systematic review of 38 studies measuring the reliability of HHD in
the shoulder. However, only six studies demonstrated high methodological
quality.42 Four of the six studies with high methodological quality examined
shoulder external rotation strength and reported good to excellent reliability (ICC
between 0.86- 0.98).42 Three studies examining shoulder abduction indicated
good to excellent reliability (ICC between 0.86-0.94), as well as shoulder flexion
or elevation (ICC between 0.86 to 0.90) in the studies less susceptible to bias.42
Hayes et al.37 compared HHD to MMT finding HHD was consistently more
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reliable than MMT in shoulder elevation and external rotation. Inter-rater ICC
values were excellent using dynamometry (elevation ICC = 0.92), and intra-rater
reliability ICC values (elevation ICC = 0.96 and external rotation ICC = 0.92)
were excellent.37 Whereas, only one measure of MMT (internal rotation ICC =
0.85) had an acceptable level of reliability.37
Measuring strength is important in patients with non-traumatic shoulder
pain as strength training demonstrates positive effects on improving function and
reducing pain.43-47 Saito et al.44 found a significant reduction in pain (Mean
Difference (95% CI) = −0.88 (−1.19 to −0.58), I2 43%) and an improvement in
function (Mean Difference (95% CI) = −11.31 (−17.20 to −5.41) I2 65%) with
scapular focused treatment.44 Although it should be noted, other interventions,
including scapular mobilizations, taping, and stretching, were used in addition to
scapular strengthening.44 Østerås and colleagues compared two exercise
regimens (high dose and low dose) in patients with non-traumatic shoulder
pain.46 Both the low dose (6 exercises, 2 sets of 10 repetitions) and the high
dose (11 exercises, 3 sets of 30 repetitions) demonstrated improvements in pain
reduction and functional improvement; however, the high dose group was
significantly greater at achieving better results compared to the low dose group
(pain reduction p= 0.01 and function p= 0.01).46 Significant improvement in
abduction strength (p= 0.03) and external rotation strength also occurred (p=
0.04).46 However, the volume (intensity x total reps) was not adequately
controlled, so bias towards the high dose load due to higher volume may exist.46
Although muscular endurance was not quantified by Østerås et al.46, the
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intervention appears to favor an exercise prescription designed to gain muscular
endurance rather than muscular strength.48,49
Muscular coordination, or the ability to correctly excite muscles in a
specific order of recruitment, is another possible culprit leading to non-traumatic
shoulder pain.10,50,51 Muscular coordination directly impacts the timing of
kinematic motion in the shoulder girdle.50 The human glenohumeral (GH) joint
has more range of motion than any other peripheral joint.50,52 With an increase in
mobility, the amount of stability present in the GH joint is sacrificed. Therefore,
the GH joint relies heavily on muscular, dynamic control.50,52 The rotator cuff
muscles work synergistically with larger, more powerful muscles moving the
shoulder in order to maintain muscular coordination.52 In a cross-sectional
examination, Kibler and colleagues51 found the timing of the serratus anterior
muscle was significantly delayed compared to the upper trapezius, lower
trapezius, and anterior deltoid muscles between symptomatic and nonsymptomatic populations when subjects performed simultaneous trunk extension
and shoulder external rotation with arm abducted at 45 degrees from a starting
position of forward flexion with arms on top of thighs (p<0.0025). Additionally,
the same exercise resulted in the upper trapezius muscle being activated earlier
than the posterior deltoid muscle in the symptomatic group (p<0.0025).51
However, there were no other group differences found in the low row or
lawnmower exercises.51 Adding to the complicated problem of stability in the GH
joint, the shoulder also relies heavily on the scapulothoracic (ST) joint to
accomplish the large amount of mobility.
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The required coordination between the muscles responsible for the ST
and GH joints creates the potential for muscle coordination breakdown.
Imbalances in muscular contraction timing also cause the system to break
down.53
During shoulder elevation, healthy, non-painful individuals demonstrate
sternoclavicular joint slight elevation, posteriorly rotation, and retraction while an
upward rotation, internal rotation, and posterior tilting of the scapula occurs at the
AC joint.54 To accomplish this scapular movement, the upper trapezius and
serratus anterior muscles initiate movement prior to the lower trapezius during
shoulder elevation in an unloaded condition.53 However, the lower trapezius and
serratus anterior muscles are recruited prior to the upper trapezius in a loaded
condition.53 Additionally, Phadke and Ludewig53 reported that individuals with
scapular stabilizing motor coordination issues, due to significant delays in
serratus anterior activation, have shoulder pain attributed to kinematic changes
at the shoulder. The timing of serratus anterior contraction was significantly
delayed in individuals with shoulder pain compared to healthy counterparts with
activation occurring at 36.4˚ instead of 27.7˚.53 In an intervention study focused
on motor coordination, sixteen healthy individuals were compared with sixteen
individuals with signs of shoulder impingement.55 Muscular coordination, function
(Shoulder Pain and Disability Index), and kinematics were assessed before and
after a 10-week intervention designed to improve motor control utilizing scapular
orientation retraining.55 The results indicated that the functional score improved
after intervention in the symptomatic group, with concomitant improvement in
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delayed muscle onset timing of the serratus anterior and the upper trapezius
muscles, as well as a cessation of serratus anterior and upper trapezius muscles
early termination compared to the pre-intervention findings (p<0.05).55
Additionally, an increase in the amount of scapular upward rotation and posterior
tilt in the symptomatic group was found after the 10-week intervention (p<0.05).55
Therefore, motor coordination of the scapular stabilizing muscles in individuals
with shoulder pain is related to kinematic changes.53,55
Individuals with non-traumatic shoulder pain often present with a decrease
in scapular upward rotation and posterior tilt, and increased scapular internal
rotation during arm elevation.8,9,56 However, the causal relationship of kinematic
changes related to shoulder pain has not been well established. Muscular
fatigue of the shoulder girdle has been shown to alter the kinematics of the
scapulohumeral relationship,57-62 it is important to understand how the changes
affect non-traumatic shoulder pain.
A fatiguing protocol has caused less external rotation of the humerus while
producing less posterior tilt and more scapular upward rotation and clavicular
retraction in an asymptomatic population in multiple investigations.58,60,61
Additionally, the upper trapezius, serratus anterior, anterior and posterior deltoid,
and infraspinatus muscles all demonstrated fatigue with a downward slope of
median frequencies.57 However, Tsai et al.63 reported a reduction in upward
rotation after fatiguing only the external rotator muscles. Therefore, a
discrepancy exists in the kinematic changes that are occurring during a fatiguing
activity. Yet, a lack of kinematic studies exists in symptomatic individuals. Since
8

movement patterns in symptomatic individuals differ from the asymptomatic in
the absence of fatigue,21,51,54,55 it is logical to assume that symptomatic
populations would have different results than asymptomatic populations, and
these investigations need to be performed.
Rehabilitation professionals typically observe kinematics of the shoulder
girdle by observing scapulohumeral rhythm.64,65 Scapular dyskinesis is defined
as an abnormal amount of scapular elevation, protraction, scapular winging, or
arm elevation.64,66,67 Presence of scapular dyskinesis is classified as either: not
present, or present (subtle) or (obvious).66-68 The scapular dyskinesis test has
demonstrated moderate interrater reliability,66 and concurrent validity by a 3dimensional motion capture system in asymptomatic individuals.67 Uhl et al.68
reported a k=0.40 and 79% agreement for a yes/no method of reporting scapular
dyskinesia, compared to k=0.44 and 61% agreement in a 4 type method of
qualifying scapular dyskinesia.68 Evidence of statistical agreement (Kappa)
measuring scapular dyskinesia exist between raters at k= 0.59.64 However, there
were no differences in pain and function between those with and without scapular
dyskinesia.64 Individuals with scapular dyskinesia have motor coordination
patterns that differ from healthy controls,54 and interventions targeted at
improving motor control reduce pain, improve muscle onset timing, and improve
movement patterns.55

Plummer et al.69 identified no difference in the ability to

identify a painful population by using scapular dyskinesia (67% had shoulder
pain; 61% did not have shoulder pain). Suggesting that scapular dyskinesia
alone may not be the best indicator of shoulder pain, and perhaps other factors
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such as muscular endurance may contribute when combined with kinematic
changes.10
Muscular endurance is defined as the ability to maintain a muscle
contraction of a given load for an extended period, or an ability to perform
numerous repetitions of a given load. Muscular endurance differs from muscular
strength due to the prolonged nature of the activity. Therefore, muscular strength
and endurance have long been thought to be two different constructs. 49,70,71 In
order to have a high level of muscular endurance, one needs to have adequate
energy stores available.72 There are three primary muscle fiber types with
various histochemical, morphological, and physiological properties. 73 Type I
muscle fibers are high in mitochondria and therefore, do a better job than type IIa
and type IIx fibers at performing muscular endurance activities. 49,74
Improvements in strength do not equate to improvements in endurance,49,70 and
that training specificity on a healthy population results in different morphological
and functional outcomes.49,70,74,75 Therefore, measuring muscular endurance in
addition to muscular strength should be considered.
Few clinical assessments aim to measure muscular endurance in the
shoulder joint complex.36,76-78 Two clinical tests for measuring shoulder
endurance are the scapular endurance test (SET) and the Posterior Shoulder
Endurance Test (PSET). A third clinical test for fatigue is the Functional
Impairment Test- Hand and Neck/Shoulder/Arm (FIT-HaNSA).76,79 The FITHaNSA requires adjustable shelves and can take up to 16 minutes to perform.80
A benefit of the FIT-HaNSA is that it involves reaching and grasping at 60
10

beats/minute and involves more of the kinetic chain than the other two endurance
tests.80 However, all three tests have obstacles with implementation in the
clinical setting.
The FIT-HaNSA has demonstrated good to excellent reliability (ICC 0.88 –
0.98)76,79 in individuals with shoulder pain and healthy controls. Pierrynowski et
al.81 also reported that ICC = 0.78 – 0.89 in individuals with whiplash-associated
disorders and healthy controls. Convergent validity of the FIT-HaNSA has also
been reported of the shoulder, neck, and upper extremity specific self-reported
scales.76,79,81 Yet, the amount of time to complete the test and the specialized
shelving required for the FIT-HaNSA make it difficult to implement into clinical
practice. The SET and the PSET require less time and equipment, but the
psychometric properties are not well established for either test. To date, limited
reliability measures are reported on the PSET (ICC = 0.85; n=10)36, and one
study reported reliability on the SET (ICC= 0.67)77 No studies have thoroughly
examined the validity of either test nor examined the muscles responsible for the
test movements.
As mentioned previously, during a typical clinical examination of the
shoulder, most of the constructs leading to non-traumatic shoulder pain are
measured.10,21,54 Soft tissue tightness can be measured with goniometric
measures and passive joint end-feels. Muscular weakness can be assessed with
strength testing, including hand-held dynamometry and manual muscle testing.
Scapular dyskinesia is observed by visual inspection. However, muscular
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endurance is overlooked. To understand the responsiveness of the rehabilitation
performed, all the constructs causing shoulder pain need assessment.
Problem
Non-traumatic shoulder pain is the third most prevalent musculoskeletal
painful complaint.2 Multiple factors are cited that contribute to non-traumatic
shoulder pain.8-10,21,54 While many contributory factors have reliable and valid
methods to assess progress,82 measures of shoulder muscular endurance are
not well established.77,78,83,84 There are currently no widely used clinical
measures assessing muscular endurance in the shoulder girdle. Clinical
measures for muscular endurance are limited in the literature.77-79 However,
either the test is too lengthy,79 or the clinical measurement properties of shoulder
girdle muscular endurance tests have not adequately been assessed in order to
make sound rehabilitation decisions.77,78 Therefore, a potential contributing
factor is left untreated, which could be leading to the chronicity of non-traumatic
shoulder pain.
Some considerations need to be addressed before standard tests can be
recommended to measure posterior shoulder muscular endurance in painful
populations. Firstly, clinical tests need to be easily administered to patients while
being able to complete within a few minutes. Secondly, tests need established
reliability in both painful and non-painful populations. Thirdly, a clinical test
needs well-established discriminant and construct validity. Lastly, a clinical
measure needs established and meaningful internal responsiveness measures to
assist clinicians in decision making. The Posterior Shoulder Endurance Test
12

(PSET) has promise as a clinical measure of shoulder muscular endurance. If
the PSET demonstrates acceptable clinical measurement properties, clinicians
may have a new tool to examine shoulder endurance and eventually use to
improve the care of patients with shoulder pain or patients at high risk for
developing shoulder pain.
Purpose and Aims
The overarching aim of this dissertation is to establish the psychometric
properties of the PSET. Knowing the face validity of the PSET will cohere the
methodology procedures so that further psychometric properties such as test retest reliability, discriminate validity, and construct validity can be studied.
Establishing clinical measurement properties of the PSET will allow this clinical
test to be an assessment tool to track patient outcomes. Within this global aim,
there are three specific aims.
Specific Aim 1: Determine if posterior shoulder muscles are selectively fatigued
during the PSET performed at 90˚ and 135˚ abducted positions as measured by
electromyography. Secondarily, to determine if there is a difference in time to
failure (TTF) between the 90˚ and 135˚ positions in both sexes. This aim will test
three hypotheses. 1) There will be no difference in muscle fatigue rates between
the 90˚ and 135˚ shoulder joint angles as determined by electromyography
median frequency decay of the first 20 seconds of the activity. 2) The PSET will
demonstrate fatigue in all posterior shoulder girdle muscles equally. 3) The time
to failure (sec) will be longer in the 90˚ position compared to the 135˚ position.
Healthy male and female participants will be recruited to obtain median
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frequency slope data using electromyography and to measure the hold time of
the PSET. If our hypotheses are supported, the 90˚ shoulder joint angle PSET
will be utilized moving forward, and the PSET will be considered a global
muscular endurance test.
Specific Aim 2: Determine the inter-day reliability of the PSET in both non-painful
individuals and individuals with stable shoulder pain. Secondarily, to determine if
the PSET will be able to discriminate between individuals with and without
shoulder pain by utilizing a receiver operator curve (ROC) to help establish the
diagnostic accuracy of the PSET and develop cut-off scores. These aims will test
two hypotheses. 1) The PSET will have moderate to good reliability (ICC≥0.70)
in both non-painful and painful individuals. 2) The PSET will be able to
differentiate between individuals with and without shoulder pain. Participants
between the age of 20-60 years will be recruited with and without shoulder pain
for this aim. This study should provide insight into the stability of the PSET as a
clinical measure and provide clinicians evaluating shoulder pain with thresholds
that may identify individuals with low shoulder endurance, which is a potential
contributing factor to shoulder pain.
Specific Aim 3: Determine the construct validity of the PSET by comparing the
TTF to an established criterion from an isokinetic fatiguing protocol. This aim will
test three hypotheses. 1) A 60˚/second shoulder horizontal abduction/adduction
isokinetic protocol will be more reliable than a 180˚/second shoulder horizontal
abduction/adduction isokinetic protocol, and the 60˚/second shoulder horizontal
abduction/adduction isokinetic protocol will demonstrate the greatest amount of
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fatigue. 2) The PSET will have a strong correlation (r>0.70) with the peak torque
decay slope found from a 60˚/second shoulder horizontal abduction/adduction
protocol. 3) The PSET will have a moderate correlation (0.40<r>0.70) with the
peak torque, which would represent a strength measurement. Healthy
participants between 20-40 years old will be recruited for this aim. If our
hypotheses are supported, the PSET can be thought of as measuring a different
construct than traditional strength testing that occurs in the clinic.
Clinical Implications
These studies will provide evidence for the utility of the PSET as a clinical
measurement of shoulder endurance. Establishing the psychometric properties
of the PSET will improve a clinician’s ability to quantify muscular endurance
reliably and improve the comprehensiveness of a clinical examination. The
ultimate goal of this series of studies is to provide clinicians with a reliable tool to
measure shoulder endurance that is efficient and is currently not available.
Operational Definitions
Non-traumatic shoulder pain- Pain in the shoulder that does not have a
mechanism of injury. It is chronic, in nature, and may involve some or all soft
tissue structures, including rotator cuff tendons, bursae, long head of the bicep,
and joint capsule.
Physical Performance Test (PPT)- Standard testing based on physical
parameters, which will provide some component of function.
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Posterior Shoulder Endurance Test (PSET)- Clinical PPT performed with the
subject lying prone and the shoulder either at 90˚ or 135˚ abduction combined
with 90˚ of horizontal abduction. There are an isotonic and isometric versions
discussed in this dissertation. Both versions are performed to failure. PSET
tested in chapters 3-5 are performed as the isometric version.
Standardization of Torque for PSET- Anthropometric calculations were utilized to
estimate the amount of torque created by the upper extremity (arm, forearm, and
hand) to the 50% percentile.85 Following the calculation of the torque of the
upper extremity, the external load was added to the distal wrist/hand to the
nearest 0.26 Kg. Males held 21 N*m, and females held 13 N*m.
Equations for Male Torque Calculations- (Body Weight (Kg)*0.37) = weight of
arm (Kg)*9.81 N. (Length of arm (m)*0.51) = distance of center of mass of the
upper extremity. Torque (N*m)= weight of arm (N)*distance of center of mass.
(21 N*m – Torque from arm N*m)/arm length (m)) = mass (N) / 4.4482 = mass in
pounds.
Equations for Female Torque Calculations- (Body Weight (Kg)*0.31) = weight of
arm (Kg)*9.81 N. (Length of arm (m)*0.51) = distance of center of mass of the
upper extremity. Torque (N*m) = weight of arm (N)*distance of center of mass.
(13 N*m – Torque from arm N*m)/arm length (m)) = mass (N) / 4.4482 = mass in
pounds.
Failure of testing- The test is stopped by either the person performing the test or
by the examiner. The person performing the test can report pain, fatigue, or
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simply is unable to do any more the test is stopped and time recorded. The
examiner stops the test and records the test duration when the subject is no
longer able to maintain arm position as instructed even after multiple verbal
encouragements. Minor deviation in form was allowable, such as shoulder
elevation, grasping the table with the non-tested hand, or raising the opposite
leg. Improper form resulting in test termination are trunk rotation to compensate,
inability to hold the arm in the test position, and re-positioning their body on the
table.
Time to Task Failure (TTF)- The time (seconds) representing the dependent
variable of the PSET. It is recorded from the initiation of the test position (i.e.,
distal wrist in contact with the stand-alone target) to the failure of the test.
Muscle Arm Area- Measured in cm2, it muscle arm area is equal to the girth (G)
of the midway point between the olecranon process and the acromion minus π x
tricep skin fold (Sf) taken at the midway point between the olecranon process
and acromion divided by 4π. ((Garm – (πSftri)) / 4π
Median Frequency Slope of Fatigue- The median frequency of the EMG power
spectrum was plotted over time (1 second) for the first 20 seconds of the
fatiguing activity (PSET).
Isokinetic Peak Torque Decay Slope- The peak torque for each repetition was
recorded and plotted to obtain a slope. The first repetition was ignored due to
neuromuscular post-activation potentiation.86
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Assumptions
It will be assumed that:
1. Subjects meeting inclusion criteria will have the condition of interest; nontraumatic shoulder pain but not have a rotator cuff tear.
2. Non-painful subjects will truly be free from shoulder pain, neck pain, prior
shoulder surgeries, any surgeries for <6 months, and not have
neurological complications that would affect their ability to perform testing.
3. Subjects will provide maximal effort.
4. Subjects will be honest on and forthcoming on filling out standardized
outcome measures; Pennsylvania Shoulder Score, Brophy Shoulder
activity scale.
5. Subjects will not alter their activity level between testing dates.
Limitations
1. No diagnostic testing used to confirm the absence or presence of a rotator
cuff tear. However, subjects must meet the clinical inclusion criteria of
shoulder pain, including deficits on the self-assessment questionnaire.
2. A painful population recruited from local physician offices and word of
mouth; therefore, results may not be generalizable to other populations.
Delimitations
1. Participants were limited to males and females between 20-60 years old
(20-40 years in study #3).
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2. One researcher performed all instrumentation to improve the reliability of
the methodology.
3. The primary investigator (person responsible for assessment) will be
blinded in study 2, whether the participants are painful or not.
4. Screening for inclusion into the painful condition in study 2 was performed
by one researcher (2nd year Doctor of Physical Therapy Student) that
received standardized training.
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Chapter 2: Review of Literature
Introduction
The purpose of this literature review was to 1) discuss the differences in
histological muscle properties and the impact of those properties on clinical
assessments; 2) discuss the reliability and validity of existing physical
performance tests for muscular strength and muscular endurance in the upper
extremity; and 3) outline an appropriate procedure to develop a new clinical test
for posterior shoulder muscle endurance.
Muscle Properties and the Impact on Clinical Assessment
Muscle is a unique tissue that can both extend and contract with the help
of the nervous system composed of diverse fiber types.

73,87

Muscle provides

internal torque necessary to create movement, as well as assist with stabilizing
joints. Functional activities require muscle to respond differently depending on
the nature of the activity. For example, muscle is required to perform static
contractions for long periods, and also to produce powerful movements. The
nervous system and muscular system work symbiotically to produce efficient
movements. Typically, this efficiency is known as the “size principle.”88,89 The
size principle describes the sequence of physiological muscle contraction. The
size principle states that muscle will be recruited from the smallest muscle fibers
to the larger muscle fibers based on the motoneuron pools that excite the
corresponding muscle fibers.88-91 Two physiological mechanisms thought to
increase the force-generating capacity of muscle; 1) the recruitment of motor
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units and 2) the firing frequency of the motor units already recruited. 91
Motoneuron pools activate single-joint muscles for isolated movements in order
to perform activities efficiently.92,93 However, depending on the activity, the larger
muscle fibers will be utilized sooner in the sequence.91 In order to accomplish an
array of functional activities, muscle tissue has various histological properties,
including fiber size and cell contents.
Muscle fibers are subdivided into types based on histological
characteristics.49,73This dissertation will focus on three primary muscle fiber subdivisions to gain an understanding of consideration for all muscle attributes. The
three muscle fiber types are named: type I, or slow-twitch muscle fibers, type IIa,
or fast-twitch fatigue resistant, and type IIx, or fast-twitch fatiguing.73 Type I
muscle fibers are smaller with more mitochondria, and utilize oxygen better than
the other fiber types.73 Type IIa and type IIx are both larger than type I fibers.
Type IIx fibers have the least number of mitochondria, and function with minimal
use of oxygen. Type IIa fibers have more mitochondria than the type IIx, but not
as much as type I fibers.73,94 The order of muscle contraction typically
progresses from smallest to largest, so putting this into context, the type I fibers
would contract first, followed by the type IIa fibers and then type IIx fibers.
Functionally, this order of muscle contraction means some activities may not
elicit type IIx fibers. Relative atrophy has been observed in untrained individuals
in type IIx fiber types (type IIx= 3070 ± 1035 µm; type I= 3724 ± 873 µm). 95
Hikida at el.95 examined fiber type cross-sectional area after a 12-week highintensity training regimen found that all fiber types hypertrophied with the largest
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increase in the type IIx fibers,95 and the increases in the cross-sectional area
existed with increases in strength.96 The evidence indicates that humans are
born with a certain number of muscle fibers, and the type of muscle fibers are
genetically controlled.73 However, fiber types can be modified based on the
myosin heavy chains (Type II) or myosin light chains (Type I) due to training
effects.49,94,95 The cross-sectional area of muscle fibers increases in untrained
individuals performing resistance training along with the percentage of type IIa
fibers with concomitant decreases in the percentage of type IIx fibers. 49,75,95
Therefore, training increases the metabolic demands of the muscle, and the
muscle responds accordingly by increasing oxygen utilization for more efficient
energy. Similarly, muscle atrophy commences, along with changes from type IIa
to type IIx fibers if the activity is ceased.97
The human body utilizes a couple of different forms of high energy
phosphate bonds to produce the energy needed for cellular functions. Namely,
creatine phosphate (CP) and adenosine triphosphate (ATP) are used for energy
during muscle contractions.72,98,99 The release of a high energy bond is
necessary to perform mechanical work in the muscle regardless of the phosphate
bond molecule form. Therefore, more ATP is needed to support work performed
as demands increase. ATP is efficiently made in the cells when there is an
abundance of oxygen present.72 However, in activities requiring a great deal of
intensity, the amount of ATP needed exceeds the amount of oxygen present in
many cells.72 Specific to muscle, type IIx muscle fibers do not utilize oxygen well
in order to produce ATP. Therefore, type IIx fibers must utilize what is known as
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anaerobic glycolysis.72 Seemingly, the inability to utilize oxygen is a
disadvantage, and is the reason there is conversion to type IIa fibers with
training.49,95
Depending on activity demands, the manner in which ATP is utilized
varies considerably. Anaerobic glycolysis is the greatest contributor to ATP
production during short-duration activities.72 Anaerobic glycolysis does not
require oxygen; however, 2 molecules of ATP are produced per glucose
molecule. With abundant oxygen, the end-product of anaerobic glycolysis,
pyruvate, enters the mitochondria of the cell and begins the Krebs cycle through
oxidation.72,100 However, the Krebs cycle still does not produce an abundance of
ATP, but rather produces carbon dioxide (CO2) and electron carriers, namely
nicotinamide adenine dinucleotide and hydrogen (NADH) and flavin adenine
dinucleotide and hydrogen (FADH2).100 It is not until the electron transport chain
that a lot of ATP is produced through phosphorylation.72,100 The Kreb’s cycle and
electron transport chain are limited in energy production at higher intensities due
to the speed that ATP must be produced. Thus, when muscular energy
demands exceed the amount of energy present, an inability to perform sustained
work occurs, followed by fatigue.101 Surprisingly, an energy debt can occur in a
short time. Pyruvate is converted to lactate through a dehydrogenase
reaction.72,98,100 The reaction allows anaerobic glycolysis to continue even
though oxygen is not available. Abundant lactate freely accepts free hydrogen
ions to become acidic, making the pH drop in the muscle.72 As the pH drops, the
enzymatic activity of the cell reduces; thus, fatigue begins. A lower pH can
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create acute pain and discomfort which affect the ability to continue performing
mechanical work.72 Therefore, an activity performed for a longer duration prefers
to utilize muscle fibers capable of aerobic metabolism, or largely type I muscle
fibers. Ultimately, ATP comes from food sources (carbohydrates, fats, and
proteins), and it is apparent that ATP production is of utmost importance in the
understanding of muscular performance.
Examples of muscular performance include muscular strength, muscular
power, and muscular endurance. Muscular strength is the ability to produce a
maximum amount of force, muscular power is the ability to produce a force per
unit of time, and muscular endurance is the ability to sustain a force over a longer
period.35 Utilization of ATP for muscle contraction is similar between all muscular
performances. However, the demands of the muscle are different; thus, the
amount of metabolic demands on the tissue differs considerably. Muscle fiber
types are utilized at varying levels depending on the performance parameters
used.49,96 Evidence of fiber typing has provided clues based on the training
regimen.49,70,74,95 In a study investigating performance measures and
histochemical adaptations, the low repetition group (4 sets of 3-5 reps with 3 min.
rest) significantly improved strength level while the high repetition group (2 sets
of 20–28 reps with 1 min. rest) significantly improved muscular endurance.49
Campos et al.49 observed fiber type conversion in all training groups; however,
type II fibers had the greatest hypertrophy in the low repetition group while type I
fibers had the greatest hypertrophy in the high repetition group. Fiber type
conversion and hypertrophy occur as muscular performance is changing. Since
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type I muscle fibers produce more ATP, they appear to be used most frequently
in muscular endurance activities. This assumption is supported by the
hypertrophy of the type I fibers in a low load, high repetition training group. The
size principle indicates that the type I fibers are used first in high repetition, low
load training regimen, and since type I fibers are fatigue-resistant, they function
for longer periods.90,91,102
Another factor known to influence the fatigue resistance of a muscle is the
type of muscle contraction performed.103-105 Sustained isometric muscle
contractions depress the motor unit discharge rate of the biceps brachii after a 3minute cessation of the muscle contraction.105 A reduction in motor unit
discharge rate is due to the stimulation of muscle afferent nerves, creating a
reflex to halt muscle contraction.103,105 Dynamic muscular performance, or
isotonic activity, allows for more speedily clearance of muscle metabolites;
therefore, less fatigue.103 Although isotonic activity allows for improved blood
flow, there are limitations in quantifying muscle fatigue using electromyography
median frequency that does not exist with isometric muscle contractions.
Electromyography (EMG) is commonly performed to assess motor unit
action potentials.106-109 EMG is the recording of the electrical activity of the
muscle. Raw EMG measures motor unit action potentials (MUAP) in amplitude,
but also may be observed in the power spectrum. When observing in the power
spectrum, Fast Fourier Transformation (FFT) is applied to observe the EMG
signal as frequency over time, which is the traditional way to observe fatiguing
tasks.110,111 Fast Fourier Transformation is a mathematical algorithm to convert
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the raw EMG power spectrum signal, measured in V^2/Hz,110,111 to frequency
over time. Since EMG amplitude changes throughout an isotonic muscle
contraction with the greatest amount being during an isometric phase, quantifying
fatigue using EMG based on one phase of muscle contraction is important. And,
the isometric phase provides the most consistent measure of the EMG. With
most human muscles being a mixture of type I and type II fibers,94 and an EMG
signal is recording all motor units present,106,110 the muscle frequency decreases
over time when the signal is viewed as a power spectrum.103,110,111 The median
or mean frequency of the muscular task per second provides a linear slope as
the fatiguing task is occurring.110,111 While both the mean and median frequency
identify fatigue in a contracting muscle, median frequency minimizes the effects
of outliers since it is based on the 50% percentile rather than an average of each
data point.112 Since type I fibers are recruited at a lower frequency than type IIa
and type IIx fibers, the difference in frequencies infers which muscle fibers are
primarily used at a given time.111 The decrease in frequency is due to type II
fibers fatigue,111 while the fatigue-resistant, type I fibers are maintaining
mechanical work for a longer duration.111 Therefore, EMG in the power spectrum
can demonstrate muscular fatigue of muscles during fatiguing isometric muscle
activity.
Knowing that a muscle is fatiguing does not provide information on the
performance of the muscle. As evidenced in EMG studies, the median frequency
slope begins to reduce immediately, suggesting that fatigue is a continuous
process, and not an all-or-none response.103 Therefore, developing a physical
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performance test to quantify a task-specific fatiguing activity becomes an
important clinical outcome. If a clinically-based test can be developed that is
reliable and valid, rehabilitation professionals will have a method to assess
muscular endurance progress, which is likely a different construct than muscular
strength.49,96 A variable needing consideration when measuring muscular
endurance is rest: rest between sets and rest between days. Since muscular
endurance involves performing an activity until failure or multiple repetitions,
muscle’s glycogen stores are likely depleted immediately after the activity.
Traditional training models for muscular endurance suggest 1-minute rest
intervals. However, this suggestion depends on whether the training is performed
until exhaustion.113 de Salles, et al.113 reported that when performing multiple
sets of muscle exercise to exhaustion, the performance of the latter sets is
significantly worse with less than 5 minutes rest break between sets. Decreased
performance is likely due to the muscle needing to replenish glycogen stores
after exhaustive exercise. Limited research on rest intervals between sets is
available, but when examining the reliability of endurance measures, adequate
rest breaks are essential. The rest breaks discussed in the literature do not
seem to be from sound science,114,115 which indicates that this is an understudied
area of muscular training and evaluation. Lariviere et al.116 reported that for
reliable EMG frequency spectrum usage for the trunk musculature, a 10-minute
recovery needs to occur for approximately 90% recovery. Sarker and Mirka117
performed repeated bouts of biceps brachii fatiguing tasks while measuring the
median frequency decay finding that while the median frequency reduced during
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each bout, the effects were not additive between bouts with a 15-minute rest.
Therefore, rest breaks for endurance testing should be greater than 5 minutes113
and up to 15 minutes to assure recovery.114,116,117 Exact recovery time between
sets has not been determined. However, even less rationale exists for between
day rest. Generally, a minimum of 24-48 hours post-exercise recovery would be
adequate for muscle recovery.113 Prior to developing a standardized physical
performance test, it is beneficial to review measures of muscular performance
existing in the literature, while examining the reliability and validity measures of
those tests.

Reliability and Validity of Existing Physical Performance Tests in the Upper
Extremity
There is limited research on clinical physical performance tests for the
upper extremity found in the literature,118-120 and even fewer that have been
conducted on painful populations.77-79,121 Additionally, many of these measures
are better suited for describing muscular strength or power performance
measures than endurance measures.120,122 Impellizzari and Marcorra123
discussed the importance of establishing psychometric properties, namely
reliability, validity, and responsiveness to the physical performance tests (PPT).
In addition to the PPT having proven clinical measurement properties, tests need
to be easily administered, inexpensive, and standardized based on sound
scientific data.124 The PPT must measure the essential properties of interest.
For example, when interested in muscular power, a test involving quickly moving
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weight may be chosen. Conversely, the PPT should be performed until failure or
multiple repetitions based on the muscle physiology science when measuring
muscular endurance.49,95,96 Another consideration is the standardization of
testing parameters so population comparisons can be made. The development
of the upper extremity PPT is are relatively new, and the evidence of
psychometrics is limited with many of the PPTs. The following section reviews
the available evidence of the PPT and their psychometric properties of upper
extremity testing.
Performance testing for the upper extremity involves both open kinetic
chain (OKC)77-79,120,122 and closed kinetic chain (CKC) activities.119-121 Benefits of
CKC testing include multiple muscles being tested further away from the target
region simultaneously with the target muscles, often occurring with functional
activities. While OKC activities do not incorporate as many muscle groups,
OKCs tend to isolate the target region better. Since the upper extremity utilizes
both OKC and CKC activities in daily function, both options need consideration,
while understanding the limitations of each.
Closed Kinetic Chain Tests
A commonly studied upper body PPT is the closed kinetic chain upper
extremity stability test (CKCUEST). The CKCUEST is performed by beginning in
a push-up position with the hands 36 inches apart. The participant then
alternatively touches the dorsum of the other hand, as often as possible for 15
seconds to obtain a score. The test is performed three times with a 45-second
rest between efforts, and the average of the three scores represents the final
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score.121,125,126 Variations of this test have included adapting the trunk position to
being on the knees in females,121 and increasing the time to one minute to
assess more muscular endurance.120 Additionally, others have taken an average
of 2 trials127, an average of 3 trials121,125,128, or have normalized totals to body
weight121 or height121,129. Goldbeck and Davies first reported the test-retest
reliability of the CKCUEST as interclass correlation coefficient (ICC) =.922.126
Since the original paper, ICC have ranged from 0.85 to 0.96 with a standard error
measure (SEM) of 1.45 to 2.76, and a minimal detectable change range of 2.05
to 3.91.121 Additionally, Tucci et al.121 reported that individuals with subacromial
impingement syndrome (SIS) were able to perform the CKCUEST to a lesser
degree than the healthy controls. Tucci et al.121 defined SIS as having positive
Neer and Hawkins tests and a positive painful arc between 60-120˚, but able to
raise their arm to greater than 90˚ of elevation. In contrast, Sciascia and Uhl130
found no difference in the ability to perform the CKCUEST between symptomatic
and asymptomatic populations. However, the painful population performed 3%
fewer touches per body weight than the healthy control group (p= 0.064).130
Sciascia and Uhl130 defined symptomatic shoulder group as scoring less than 90
on the American Shoulder and Elbow Score, having pain greater than or equal to
3/10, and demonstrating at least one clinical finding indicative of tissue
derangement. Therefore, the populations in Tucci et al.121 and Sciascia and
Uhl130 may explain the differing results.
Westrick and colleagues 128 found a significant correlation of the
CKCUEST to the upper quarter Y-balance test (UQYBT) (p=0.02; r=0.43). The
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UQYBT is similar in starting position to the CKCUEST but requires reaching of
the unweighted upper extremity in the medial, superolateral, and inferolateral
directions.128 The distance reached in each direction is recorded and summed to
calculate an excursion total.128 Test re-test ICC of the UQYBT is 0.91 on the
dominant arm and 0.92 on the non-dominant arm in healthy, young male and
female populations.128 Gorman et al.131 reported the ICC for the three directions
to range from 0.80 to 0.99 for the test re-test of the UQYBT.
A third upper extremity closed kinetic chain PPT was recently
described.119 The upper limb rotation test (ULRT) is performed beginning in a
modified push-up position with the elbows flexed to 90˚. Participants are
positioned so their lateral epicondyle of the elbow, the shoulder, and the greater
trochanter of the femur are in contact with the wall. The participant rotates the
trunk, while externally rotating the shoulder in a 90˚ abducted and 90˚ external
rotation position with rotation occurring until the lateral epicondyle of the moving
upper extremity contacts the wall. Then the participant returns to the starting
position.119 Similar to the CKCUEST, the ULRT is performed for 15 seconds,
and the repetitions are scored.119 The ULRT has a good test re-test reliability in
the dominant arm (ICC = 0.76; SEM = 1.18; MDC = 3.27) and non-dominant arm
(ICC = 0.78; SEM = 1.14; MDC = 3.15).119 Pearson correlation coefficients were
moderate between the ULRT and CKCUEST (r = 0.553 dominant arm; r = 0.613
non-dominant arm).119 The ULRT is similar to the Side Hold Rotation Test
described by Olds and colleagues.120 In the Side Hold Rotation Test, the
participant begins in a push-up position, rather than beginning on the elbows,
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and rotates as far as possible as many times as possible in one minute.120 The
test re-test reliability of the side hold rotation test was reported to be ICC = 0.99
and 0.97 on the non-dominant and dominant side, respectively.120
Two studies describe the discriminant validity of the CKCUEST.121,130
Additionally, limited information describing convergent validity with the UQYBT128
and the ULRT119 exists. Training effects of the CKCUEST were demonstrated in
a healthy population,129 but have not been shown in symptomatic populations.
Measures of external responsiveness, such as minimal clinically important
differences, have not been assessed in the CKCUEST. However, numerous
psychometric properties have been reported with the CKCUEST; therefore, the
CKCUEST offers clinicians a valuable assessment tool for the upper extremity.
The testing position of the CKCUEST also utilizes anterior chain musculature, so
this test is not specific to the upper extremity.132
Since CKC performance tests require the involvement of multiple joints
and muscles, identifying areas most responsible for the activity is difficult. OKC
activities offer the clinician better opportunities to isolate joints and muscles
compared to CKC activities. Additionally, while CKCUEST modifications attempt
to observe muscular endurance,120 other CKC PPTs are more likely to measure
strength or power. Therefore, investigating the OKC PPTs become necessary in
identifying tests specific for shoulder endurance testing.
Open Kinetic Chain Tests
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The seated medicine ball toss (SMBT) assesses upper extremity strength
and power, primarily in the athletic population.122 The SMBT is performed by
having the participant seated with their back, head, and hips against the wall, and
then throwing a 4Kg medicine ball as far as possible without the head, shoulders,
or hips moving away from the wall.122 Borms and colleagues133 reduced the
weight of the ball to 2Kg and further described the upper extremity position at 90˚
of shoulder abduction with the elbows in full flexion. Decleve et al.119 reported
the correlation between the SMBT and the ULRT was weak for the dominant arm
(r = .456) and moderate for the non-dominant arm (r = .544). While normal
values of the SMBT are reported in healthy individuals,119,122,133 test re-test
reliability of the SMBT has not been reported in the literature. However, a singlearm version of the seated medicine ball toss, which differs by having the subject
seated and “shot put” tossing a 2.73 Kg ball as far as possible, has demonstrated
excellent test re-test reliability (dominant arm ICC= 0.988; non-dominant arm
ICC= 0.971)134 with MDC values of 17 and 18 inches for dominant and nondominant arms respectively.134
Olds and colleagues120 describe four open kinetic chain activities all
performed for 1 minute as part of a battery of testing designed to establish “return
to play” criteria. Ball abduction external rotation tests require the participant to
stand with a 3 Kg medicine ball, held at the shoulder. The ball is moved laterally
until the elbow is straight and the shoulder is at 90˚ abduction. The ball is moved
back to the starting position, followed by a shoulder press until the elbow is
straightened before returning to the starting position.120 The test re-test reliability
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of the ball abduction external rotation test was reported as ICC = 0.92 and 0.87
for the non-dominant and dominant arms, respectively.120 The drop catch is
performed by having the participant standing with the arm at 90˚ abduction and
external rotation, and the elbow flexed to 90˚. The participant drops a tennis ball
towards shoulder internal rotation and then catches the ball. 120 Test re-test
reliability for the drop catch test was reported as ICC = 0.87 and 0.94 for the nondominant and dominant arm, respectively. Ball taps and snatches were also
found to have moderate (non-dominant arm ball taps ICC = 0.80) to excellent
(dominant arm ball taps ICC = 0.90, and overhead snatch ICC = 0.90) test re-test
reliability.120 Since all of the OKC activities described by Olds and colleagues120
require performance for 1 minute and these tests would likely assess the
construct of muscular endurance. However, Olds et al.120 further report a
learning effect between days 2 and 3 of testing (p<0.01) in the drop catch test
and the ball taps, so these two tests are not recommended for clinical utilization.
The scapular endurance test (SET) is another OKC PPT based off a
corrective exercise first described by Sahrmann.135 Edmondston and
colleagues77 used the SET to develop a test where the participant faces the wall
with the shoulders and elbows bent to 90˚ flexion and a spacer placed between
the elbows to maintain the distance. A 1 Kg load dynamometer is held between
the two hands while keeping the elbows and shoulders in the initial position. The
participant is instructed to maintain the 1 Kg load, while maintaining the space
between the elbows and the shoulders at 90˚, for as long as possible. Time to
failure represents endurance time.77 Test re-test reliability of the SET has been
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reported as ICC = 0.67, with the SEM = 10.9, and the MDC = 30.1 seconds in
individuals with neck pain.77 However, the validity of this test has not been
established. The serratus anterior and trapezius are thought to be primary
muscles activated in the SET due to the testing position being similar to findings
in Ekstrom et al.136 However, electromyography muscle activity in the SET has
not been performed.77 Additionally, neither convergent validity nor discriminate
validity has been investigated for the SET.
The functional impairment test - hand and neck, shoulder, arm (Fit-HaNSA) is a
functional test performed with 3 endurance tasks that mimic work activities. The
first task requires a participant to move 1kg jars from waist level to a shelf that is
25 cm above waist level. The second task requires the participant to move a 1kg
jar from the shoulder level to a shelf that is 25cm below the shoulder level.
Finally, the third task requires the participant to screw and unscrew bolts at eye
level. The sustained overhead activity is continued for 300 seconds or until
fatigue.76,79,80 The Fit-HaNSA requires the participant to stand while performing
the tasks, so the muscles leading to failure are not specific to the shoulder.
However, Kumta et al.76 determined those with shoulder pain (painful- 182 ± 77
seconds) performed the task in significantly less time than those without shoulder
pain (non-painful- 273 ± 39 seconds; p<0.0001).Additionally, the inter-day
reliability was good to excellent in both the painful and non-painful groups
(painful- ICC2,1 0.97 (0.95, 0.98); control- ICC2,1 0.88 (0.77, 0.94)) and the FitHaNSA correlated with self-reported disability indexes such as the Disabilities of
Arm, Shoulder, and Hand (DASH) and Shoulder Pain and Disability Index
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(SPAPDI) much better in the painful group than the non-painful group.76
Similarly, MacDermid and colleaugues79 reported convergent validity between
the DASH (-0.73 < r > -0.83) and the SPADI (-0.67 < r > -0.76) in patients with
shoulder pain. Discriminate validity of the Fit-HaNSA has been reported between
those with and without whiplash-associated disorders81 and with and without
shoulder pain.79 Unlike the other physical performance tests mentioned, the FitHaNSA requires adjustable shelves and takes up to 16 minutes to perform. The
equipment and time requirement makes it less appealing as a PPT to be
performed in a clinical setting since most PPTs are easily performed in different
environments with minimal material needed.137 The International Olympic
Committee recommends that pre-participation clinical tests use minimal
equipment, be inexpensive, and be reproducible.124 So, the Fit-HaNSA may not
be ideal in all instances. However, one benefit of the Fit-HaNSA is the multiple
comparisons available for daily tasks. Yet, determining the tissue or symptoms
limiting the performance of a task without subjective questioning is difficult.
Lastly, the Posterior Shoulder Endurance Test (PSET) has been
described as an isometric78 and dynamic test.36 The PSET is performed by the
participant lying prone with the arm horizontally abducted to 90°.36,78 The
isometric version asks the participant to raise the arm to 135˚,78 while the
dynamic version requires raising the arm to 90° abduction.36 The outcome for
the isometric version is time to failure,78 while the dynamic version is the number
of repetitions to failure.36 Interestingly, the PSET discriminates between those
with and without lateral elbow pain.78 Test re-test reliability was performed a
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priori on the isotonic version on 10 individuals (ICC = 0.85),36 but reliability or
other forms of validity have not been extensively studied.
Many OKC PPTs lack the clinical measurement properties necessary to
demonstrate clinical utility. Furthermore, the muscle property being tested in
OKC PPTs varies. Muscular power/strength seems to be the property tested
with the seated medicine ball toss (SMBT), while muscular endurance is
measured in the ball abduction and external rotation test, drop catch, ball taps,
overhead snatch, SET, Fit-HaNSA, and PSET although criterion validity has not
been established in the literature.
Generally, questions remain of how shoulder pain and functional
limitations affect the ability to perform the physical performance tests discussed
in the literature.118-120 The performance of physical performance tests in
individuals with neck pain,77,81 elbow pain,78 and shoulder pain.76,79,121,130 have
been examined. Yet, none of the physical performance tests described in the
literature meet all the recommendations for clinical testing.123,124,137
Development of a Novel Clinical Physical Performance Measure for Posterior
Shoulder Muscular Endurance
This dissertation has reported on the muscular performance parameters
that demonstrate muscle strength and muscle endurance are likely two different
constructs.49,72,95,96 Additionally, a review of literature on the physical
performance test for the upper extremity has been provided. 36,76-79,119-122,126,130,134
Clinical physical performance tests measuring muscular endurance are
scant,36,77-79,120 and those that exist have limited clinical measurement properties
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available. Therefore, the remainder of this dissertation will discuss the
importance of establishing clinical measurement properties and outlining the
methodologies necessary to establish a novel clinical tool for measuring shoulder
muscular endurance.
With the lack of psychometric properties and standardization of muscular
endurance tests specific to the upper extremity, establishing a clinical test that
can be utilized to measure muscle endurance based on sound science is
needed. When examining tests specific for muscular endurance, the PSET
offers a propitious option. A similar physical performance test has been used in
low back musculature literature. Initially described by Biering-Sorenson in
1984,138 the Biering-Sorensen test was described as an isometric test performed
by having the subject prone, with their trunk unsupported and hanging off the
edge of the table. The test is performed by raising the trunk parallel to the
ground and holding until failure.138 The Biering-Sorensen test offers the
suggested properties for a clinical physical performance measure.124,137,139
Specifically, the Biering-Sorensen is quick to perform, inexpensive, and not
complicated.139 Since the inception of the Biering-Sorensen test, reliability,114,140142

discriminate validity,114,143 and construct validity with electromyography

studies,110,139 and convergent validity using isokinetic dynamometry140 have been
demonstrated. Vera-Garcia and colleagues141 correlated the Biering-Sorensen
test to other measures of core stability and determined the Biering-Sorensen test
was not correlated with the stable and unstable seated test (Range r = -0.213; 0.071) or the sudden loading test (Range r = -0.267 – 0.123), suggesting that the
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Biering-Sorensen test is measuring a different construct (e.g., muscular
endurance).141 One limitation identified in the Biering-Sorensen test is the time to
failure is dependent on body weight. However, much can be learned from the
development of the Biering-Sorensen test in developing a muscular endurance
test for the shoulder.
Like the Biering-Sorensen test, the Posterior Shoulder Endurance Test is
quick to perform, inexpensive, and not complex. Since the test is performed until
failure, the construct of muscular endurance is likely measured. The PSET
targets scapulothoracic and glenohumeral muscles cited as areas of weakness in
individuals with non-traumatic shoulder pain based on test positioning.9,36,53,144
Currently, the PSET’s limiting factor is the lack of consistency in the
methodology. Moore and colleagues36 performed the PSET using an isotonic
approach while controlling the cadence of movement with a metronome and
providing an external load of 2% of bodyweight.36 Moore and colleagues found
that participants improved using the isotonic version of the PSET after a 20-week
endurance-based intervention.36 However, the muscles responsible for fatigue
were not validated with electromyography.36 A limitation regarding the isotonic
muscle contraction was the metronome cadence was difficult for subjects to
maintain, so a recorded voice stating “up and down” was used.36 Counting
repetitions and assisting with cadence by one tester would make translating the
isotonic PSET to a clinical setting challenging. Another isotonic PSET limitation
is the difficulty of utilizing EMG to validate the muscles responsible for fatigue.111
The isometric version of the PSET was performed at 135˚ of shoulder abduction
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to failure with 1% of body weight to the nearest 0.23 Kg,78 which may activate
different muscles than the 90˚ horizontal shoulder abduction position.136,144 So,
while an isometric muscle contraction allows for ease in electromyographically
validating the PSET, multiple angles need testing to determine if different
shoulder positions yield different muscles being used. Furthermore, since there
is inconsistency in the load held using 2% of body weight in the isotonic version 36
and 1% in the isometric version,78 along with knowing that bodyweight directly
affects the Biering-Sorensen test, standardizing the torque between subjects
seems logical. Once the validation of muscle fatigue has been assessed,
establishing clinical measurement properties of the PSET is vital, because they
are currently limited.36,78,145
The Scientific Advisory Committee of the Medical Outcomes Trust for
Health Status and Quality of Life Instruments suggested a conceptional model of
eight attributes warranting consideration for establishing a novel clinical measure.
Those eight attributes are 1) conceptual and measurement model; 2) validity; 3)
reliability; 4) responsiveness; 5) interpretability; 6) respondent and administrative
burden; 7) alternative forms; 8) cultural and language adaptation.123,146 Utilizing
this conceptual model to establish a clinical measure for shoulder muscular
endurance may be useful. The conceptual model refers to the specific
construct(s) being tested and the need to add another test for gaining additional
information.123 The need for a test measuring posterior shoulder muscular
endurance is demonstrated since muscular endurance contributes to nontraumatic shoulder pain. 10,21,54
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The second quality recommended by The Scientific Advisory Committee
of the Medical Outcomes Trust for Health Status and Quality of Life instruments
is to establish validity.146 Validity refers to the ability of the tool to measure what
it purports to be measuring.123 There are many different forms of validity, and
typically a large body of evidence is needed to establish the validity of a
measure.123 Logically, establishing validity should begin with the inherent
characteristic of what is attempting to be measured. The PSET is suggested to
measure muscular endurance, as it is performed to failure. 49,95,96 Additionally,
the similarities between the Biering-Sorensen test and the PSET lend support
that the PSET is a measure of endurance and can be validated similarly to the
Biering-Sorensen test with electromyography.139,141 However, currently, there is
a lack of EMG evidence during the PSET that would validate this theoretical
model. Construct validity is the root of all other forms of validity because it is the
overarching theme of the measure. Therefore, it is critical to have operationally
well-defined theoretical indicators.123 A criterion reference should be considered
the “gold standard” for the desired construct.147
Subdivisions of construct validity are convergent and divergent validity that
can be used to examine constructs of the PSET. Convergent validity refers to the
amount of similarity or the correlation between the two measures; while divergent
validity refers to the differences or the lack of correlation between two measures.
In order to determine if the PSET measures the construct of muscular
endurance, based on muscle physiology, or if the PSET measures the construct
of muscular strength, convergent validity is important. Isokinetic testing to
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quantify fatigue for the quadriceps femoris,148-151 and shoulder internal and
external rotators,152,153 has been used. Additionally, isokinetic dynamometry is a
gold standard for measuring strength, peak torque, and endurance, fatigue index,
in the low back literature.140,142,154 There is limited data using isokinetic
dynamometry on upper extremity muscular fatigue,152,155-157 and no study has
examined isokinetic dynamometry validity and reliability of shoulder horizontal
abduction. Silva and colleagues157 tested shoulder horizontal abduction and
horizontal adduction to obtain a profile of muscular performance in horizontal
abduction and adduction, but clinical measurement properties were not
assessed.157 While isokinetic peak torque is used as a strength criterion; there is
not an established muscular endurance gold standard for shoulder horizontal
abduction to compare the PSET. Establishing the reliability of shoulder
horizontal abduction isokinetic testing is necessary before examining which
construct the PSET best correlates.
The third form of validity is discriminant validity, or the ability of the
measurement tool to discriminate between populations of interest. In clinical
measures, such as the PSET, merely determining if there are differences in
group performance averages can provide insight into whether the test is able to
discriminate.78 Day and colleagues78 describe differences in group means
between individuals with lateral elbow pain (53 ± 37 sec) and those without elbow
pain (84 ± 35 sec) (p<0.01) in their performance of the PSET. 78 Similar studies
with the Biering-Sorensen test comparing group means indicated that individuals
without low back pain (132.6 ± 42.2 sec) performed the test longer than those
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with current pain (94.6 ± 33.3 sec) and those with previous pain (107.7 ± 36.4
sec)(p<0.05).114 A receiver operating characteristic (ROC) curve is a statistical
approach to examine or quantify discriminant validity.123 ROC indicators are
utilized in clinical diagnostic testing of continuous data, such as time, because
predictability indicators, such as sensitivity, specificity, and positive and negative
predictive values can be derived.158 ROC is gaining popularity with clinical
measures due to the ability to provide indicators of responsiveness and
usefulness to develop cut-off scores that aid in the discrimination of
populations.123,159 Arab and colleagues143 utilized a ROC on the BieringSorensen test and reported cut-off times of 28 seconds for males and 29
seconds for females between individuals with and without low back pain. 143 A
similar study has not evaluated the PSET.
Reliability is the clinical measure that refers to the extent that a
measurement can be replicated.123,160 Multiple forms of statistical calculations
provide insight into the reliability of a measure. The intraclass correlation
coefficient (ICC) has ten different models that all have slightly different
meanings.160 It is beyond the scope of this dissertation to provide an in-depth
discussion on each form of ICC. The reader can refer to Koo and colleagues if
interested in the discussion of ICC properties.160 Additionally, ICC can be divided
into relative reliability and absolute reliability. Relative reliability is the degree to
which individuals maintain their position in a sample relative to other individuals
with repeated measurements approach.123 Absolute reliability refers to the
degree to which repeated measurements vary for individuals.123 Parameters of

43

relative reliability, or ICC, should be used when performing a cross-sectional
study when attempting to discriminate between groups. However, parameters of
absolute reliability, or standard error measurement (SEM), should be used for
longitudinal studies to demonstrate the change in a measure over time.
Standard error measurement is related to the ICC but is influenced by error
variation, where ICC is influenced by between-subject mean squares and withinsubject mean squares.123,142 Typically, test re-test ICC is reported as the
measure of reproducibility of a clinical measure. Multiple studies have reported
ICC values for healthy and painful populations in the Biering-Sorensen literature
with those values ranging from 0.59- 0.95.114,141,142,161 The PSET has limited
reliability data in the isotonic version (ICC = 0.85) of with SEM reported as 3
repetitions.36
The responsiveness of a clinical measure is of utmost importance and
refers to the ability of the measurement tool to detect change over time. 123
Internal responsiveness and external responsiveness provide important
psychometric information about clinical tests. Minimal detectable change (MDC)
is a measure of internal responsiveness and refers to the minimal individual
change that can be interpreted as real with an acceptable probability level.123
External responsiveness would be used in a longitudinal study.123 An example of
an external responsiveness variable is a minimal clinical important difference
(MCID), which is the minimal amount of change needed to be clinically
meaningful.162 MCID differs from MDC. The MDC is based on the absolute
reliability of a tested group, and therefore is a population statistic. Ideally, the
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MDC would be less than the MCID for any given clinical measure. 123 Other
measures of internal responsiveness are statistics such as effect sizes and
paired t-tests.163 However, there is no agreed upon method for quantifying
responsiveness at this time.123,163 Effect size (Cohen’s d = 3.46), which is
considered high, has been reported in the Biering-Sorensen test.139 Additionally,
the time to failure of the Biering-Sorensen test has been used as an outcome
measure to demonstrate improvement in a taping method utilized on the erector
spinae muscles (mean difference = 20.7 seconds; p = 0.006).164 The PSET has
limited responsiveness reported in the literature. Currently, MDC is reported as 4
repetitions in the isotonic version of the PSET,36, and the paired t-tests also
demonstrated improvement after a 20-week endurance-based intervention with
an improvement from (30 ± 14 repetitions to 88 ± 36 repetitions. 36 However,
external responsiveness has far less evidence, likely because meaningful clinical
change in muscular endurance is difficult to define. One would have to first
demonstrate that other anchor variables, such as function or pain, also changed
as the time to failure of the PSET changed. Once convergent validity is
established between function or pain, and the time to failure of the PSET, then
external responsiveness can be measured because as one variable improved, so
too would the second variable.
To conclude the recommendations from The Scientific Advisory
Committee of the Medical Outcomes Trust for Health Status and Quality of Life, a
clinical tool’s interpretability is important when developing a new clinical
measure. Interpretability is directly related to the previously described measures
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of reliability, validity, and responsiveness.123,146 When using a clinical test, the
examiner should confidently know that the measure is reliably assessing the
construct to be tested.123 Additionally, the ability to compare the results of tests
to normative data would be useful in interpretation. Similarly, knowing that the
clinical measure discriminates between conditions and the measure indicates
change following an intervention would become meaningful.123,146 The PSET has
limited clinical measures established and is the utmost purpose of this
dissertation. While this dissertation will not provide all the necessary
components to develop a clinical measure in its entirety, it is hoped that it will
provide insight into measures of validity, reliability, and internal responsiveness
of the PSET. Already the PSET has demonstrated minimal burden of
performance from the examiner and the participant, 36,78 limited reliability data,36
discriminant validity in those with lateral elbow epicondylalgia,78 and evidence of
internal responsiveness.36 Moving forward with the development of the PSET, it
is logical to standardize the torque held,139 the angle that the PSET is
performed,36,78 and the type of muscle contraction used.36,78 Lastly, once the
PSET has robust clinical measurement properties, cultural and language
adaptations of the PSET can be examined.
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Chapter 3: An Electromyography Study of Muscular Endurance during the
Posterior Shoulder Endurance Test
This chapter has previously been published:
Evans NA, Dressler E, Uhl T. An electromyography study of muscular endurance
during the posterior shoulder endurance test. J. Electromyogr. Kinesiol.
2018;41:132-138.
https://doi.org/10.1016/j.jelekin.2018.05.012
Introduction
Muscular fatigue in the shoulder girdle has been cited as contributing to
pain with overhead, repetitive movements.61,62 Muscular endurance is the ability
of a muscle to sustain activity performed as an isometric or isotonic contraction.
Local ischemia created by a fatigued muscle or compressed tendon can cause
structural weakness, whereby limiting local control, and in the rotator cuff tendon,
may lead to an inability to control the humeral head during shoulder elevation.165
This notion supports the assumption that tension overload creates changes in the
stability and control of the shoulder girdle. Examining elite swimmers identified
training volume as a contributor to muscular pain more than the presence of
instability.166 Supporting that muscular endurance is a contributing factor in
preventing shoulder pain. However, muscular fatigue in the shoulder girdle has
received limited research attention,36,57,78 and is not commonly evaluated
clinically, as no standard test exists.
The Posterior Shoulder Endurance Test (PSET) was initially described by
Moore et al.36 as an isotonic test performed in a prone position while lifting the
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arm to 90⁰ of horizontal abduction at a shoulder abduction angle of 90⁰ at 30
beats per minute. An isometric version of the PSET at 135⁰ of shoulder
abduction was modified for patients with lateral epicondylagia.78 Patients with
lateral epicondylalgia had significantly less endurance than a comparison group
without symptoms.78 However, given that individuals with non-traumatic shoulder
pain often have a limited range of motion,62 the 135⁰ shoulder abduction position
may not be optimal. While the PSET shows promise as a clinical measure for
posterior shoulder endurance, the two variations need further evaluation to
determine which muscles are being fatigued and to identify any differences
between the two positions.
Reductions in electrical conduction and availability of ATP are common
causes of local muscular fatigue.167 Because surface EMG can detect the
electrical activity of the muscle, using the power spectrum, the median frequency
(MF) of the muscle is representative of muscular fatigue.168 Surface EMG has
been used in multiple studies examining the fatigue characteristics of the
shoulder using the power spectrum.168-171
The primary purpose of this study was to determine if the posterior
shoulder muscles were selectively fatigued during the initial phase of the PSET in
the 90⁰ and 135⁰ positions. A secondary purpose was to determine if there was a
difference in the time to task failure (TTF) of the PSET between the 90⁰ and 135⁰
positions.
Methods
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There were 31 females (Age= 19.9±1.5 years; weight= 65.8±7.9 Kg;
height=166.0±7.0 cm) and 24 males (Age= 25.5±4.2 years; weight= 84.3±11.0
Kg; height=175.7±7.4 cm) in this study. Potential participants were included if
they had normal pain-free shoulder mobility. Exclusion criteria included
individuals with shoulder pain, individuals that had a history of shoulder surgery,
and individuals that had neurological disorders that would exclude them from
performing the PSET. All participants were provided and signed a universityapproved informed consent
Participants completed an ordinal scale question, which asked them to
answer, “How many hours per week do you use weights for your upper body?”.
Participants could choose “1 hour”, “2-3 hours”, “4-5 hours”, “6-7 hours”, “8-9
hours” or “10+ hours”. Participants also completed the Shoulder Activity Scale
questionnaire172 to determine the level activity for their upper extremity.
The dominant arm was used in all cases during testing. Lean tissue mass
of the upper extremity was estimated using the Hayne’s equation. Hayne’s
equation required measuring the girth of the arm (at the midpoint between the
angle of the acromion and the tip of the olecranon process), and the triceps
skinfold measurement is used.100 Skin was prepared for electrode placement by
shaving any hair, using sandpaper, and isopropyl alcohol.173 The length of the
upper extremity was measured from the acromioclavicular joint to the distal end
of the radial styloid process with the elbow straight. Bodyweight and height were
obtained. The external torque needed to reach the standardized level was
determined using the measured body weight and arm length. The external
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torque was standardized based on published anthropometric data using the 50 th
percentile for both males and females.85 Based on pilot testing, males used an
external torque of 21±1 Nm, and females used an external torque of 13±1 Nm.
Once the anthropometric data estimated the torque provided by the arm alone,
an additional external load was provided to the nearest 0.23 kg. The external
load in males ranged from 2.05-2.5 Kg, and the external load ranged in females
from 1.36-1.59 Kg. Prior to testing, participants performed a 5-minute warm-up
on a Biodex Upper Body Ergometer and were familiarized with testing
procedures.
Electromyographic data were collected using Noraxon MyoMuscle
v.MR3.8.6 (Noraxon USA, Inc., Scottsdale, AZ, USA) with the following
characteristics: CMRR was greater than 100 dB at 50 Hz; electromyographic
signals were recorded at a sampling rate of 1500 Hz. Noraxon dual selfadhesive Ag/AgCl snap electrodes with a 2.0cm inter-electrode distance were
attached to Noraxon DTS sensors, which communicated with the Noraxon
MyoMuscle transmitter.
Self-adhesive electrodes were placed parallel to the muscle fiber direction
on the posterior deltoid (PD), upper trapezius (UT), middle trapezius (MT), lower
trapezius (LT), and infraspinatus (INF) according to SENIAM standards174 and
published data (Figure 3.1).173,175 The PD electrodes were placed 3 cm inferior
to the angle of the acromial process. The UT electrodes were placed between
the midpoint of the C7 spinous process and the acromion process. The MT
electrodes were placed between the midpoint of the T3 spinous process and the
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medial border of the root of the scapula. The LT electrodes were placed 2/3
distance from the superior medial angle of the scapula to the T8 spinous
process. The INF electrodes were placed 4 cm inferior from the middle spine of
the scapula.
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Figure 3.1. Electrode placement of the 5 posterior shoulder muscles tested.

The PSET was performed with the participant in prone with the arm at 90⁰ and
135⁰ shoulder abduction angles (Figure 3.2, 3.3). A stand-alone target was used
to ensure participants remained in the testing position throughout each trial.
Participants were instructed to maintain contact with the target, but not to
excessively push into the target. The researchers provided verbal
encouragement. The trial was finished when the participant failed to maintain
contact with the target, demonstrated excessive substitution patterns, or
voluntarily stopped. Researchers measured time to task failure (TTF) with a
stopwatch. The testing position was alternated between subjects, and
participants were given 15 minutes of recovery between the test positions.116
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Figure 3.2. Posterior Shoulder Endurance Test Position at 90⁰ horizontal
abduction.

Figure 3.3. Posterior Shoulder Endurance Test Position at 135⁰ horizontal
abduction.

Noraxon MyoMuscle software was used to analyze the raw EMG signals.
This analysis converts the EMG signal into the power spectrum using the Fast
Fournier Transformation (|FFT(x)|^2) and then calculates the median frequency
(MF) for each second of activity creating a slope of median frequency. The
median frequency for the first 20 seconds (MF20) of the activity was used for
analysis in order to compare the same amount of time across participants (90°
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Range = 31-91 seconds; 135° Range = 23-83 seconds). Male and female
participants used differing external torque loads and were analyzed separately.
Each repeated measures models subset utilized backward selection to
look for associations with MF20. Considered co-variants included were muscle
(PD, UT, LT, MT, and INF), position (90⁰ and 135⁰), BMI, triceps lean muscle
mass, Shoulder activity scale questionnaire,172 and the ordinal scale question for
time of exercise. An a priori alpha level = 0.05 was set for all statistical tests, and
Tukey-Kramer (Adj. p) was used for post-hoc pairwise comparisons when
appropriate. TTF of the PSET was measured in seconds for the total duration of
the test. Paired t-tests compared the TTF separately for males and females. All
analyses were performed using SAS (v. 9.4).
Results
The final model for the female subjects found significant differences in the
MF20 slope by the posterior shoulder muscles (PD, UT, MT, LT, and INF),
position (90° and 135°), and lean tissue mass of the humerus. The final model
for males only found significant differences in the MF20 slope by the posterior
shoulder muscles (PD, UT, MT, LT, and INF).
Female Results
The repeated measures regression model of the MF20 slopes showed
that there was a significant difference between muscles while controlling for
position and triceps lean muscle mass. Body Mass Index (BMI), shoulder activity
scale questionnaire, and ordinal scale question were not retained in the final
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model. Pairwise comparisons revealed the PD (mean ± SE = -0.81 ± 0.04) was
greater than the LT (-0.58 ± 0.04) (Adj. p= 0.0077) for MF20 but all other muscles
fatigued at the same rate (FIGURE 3.4). The model identified a significant
difference between in MF20 between the 135° (-0.749 ± .03) and 90° (-0.63 ±
.03, Adj. p=.0009) position (Figure 3.5). With every one unit of area increase in
triceps lean muscle mass (cm2), the slope of fatigue was decreased by 0.01
(p=.0002). The paired t-test examining the TTF between positions revealed that
the 90° position (58.1 ± 2.4 seconds) required a longer time than the 135°
position (49.2 ± 2.5 seconds) (p=.016) (Figure 3.7).
Figure 3.4. Female median muscle frequency for the first 20 seconds Note:
N=62 The final model included position (90⁰ and 135⁰) and lean tissue mass of
the humerus. Each muscle was tested over both 90° and 135°.

55

Figure 3.5. Female median muscle frequency slope for the first 20 seconds by
position.
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Figure 3.6. Male median muscle frequency for the first 20 seconds. Note: n = 48.
The final muscle included muscle only. Each muscle was tested over both 90˚
and 135˚.

Male Results
The repeated measures regression model of MF20 slopes showed that
there was a significant difference in slopes between muscles (p = .018). Position,
BMI, shoulder activity scale, exercise scale, and triceps lean muscle mass were
not retrained in the final model. A pairwise comparison between the MF20 slopes
revealed that only PD (-0.87 ± 0.08) slope was greater than the UT (-0.59 ± 0.09)
slope (Adj. p= 0.02), and all other muscles fatigued at the same rate (Figure 3.6).
MF20 was not significantly different by position (p=.223). The paired t-test
examining TTF revealed that the 90° position (68.5 ± 2.8 seconds) required a
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longer time to reach fatigue than the 135° position (59.6 ± 2.4 seconds) (p=.019)
(Figure 3.7).
Figure 3.7. A time to task failure comparison of the 90⁰ and 135⁰ positions for
females and males.

Discussion
The results of the current investigation examined fatigue of 5 posterior
shoulder muscles during the PSET at two different shoulder abduction angles
suggests the PSET is a measure of multiple shoulder girdle muscles fatiguing at
a similar rate. The MF20 slope was decreasing at nearly the same rate in all
muscles tested for both men and women (Figures 3.4 & 3.6). Previous studies
have demonstrated that many shoulder girdle muscles work synergistically to
control the position of the scapula for optimal function.144,176,177 While certain
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positions may bias different scapular stabilizers,178-180 coordination of the muscle
contraction varies amongst individuals.52,53
The posterior deltoid is most active during horizontal abduction,
suggesting it is a prime mover.181 The current study showed that when
accounting for other controlling factors, the PD muscle fatigued similarly to all the
other muscles except for the UT in males and LT in females. Using the
horizontal abduction position likely accounts for the PD to fatigue at a steeper
slope than two of the muscles, but not all. A cross-sectional EMG study
examining the middle deltoid (MD), UT, LT, and serratus anterior during a
fatiguing task of shoulder elevation found the MD fatigued sooner than the other
muscles tested.171 Similar to the current investigation, all of the muscles
significantly fatigued during the task.171 While the current investigation did not
measure the MD or serratus anterior, the fatigue behavior of three trapezius
muscles was similar in both studies. Since torque is produced by multiplying the
force and moment arm, and the mechanical advantage is the ratio of the external
moment arm and internal moment arm, adding the external load to the distal
segment would reduce the muscle’s mechanical advantage. Therefore, it is
reasonable that the deltoid muscle, whether the MD or PD, would fatigue at a
faster rate than the other muscles. However, there was no statistical difference
in the median frequency slopes between the PD and the other muscles tested
except one other muscle in each sex. Therefore, one could argue that the PSET
measures muscle fatigue in multiple posterior shoulder girdle muscles. While the
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PD may be the prime mover, the other synergist muscles are also fatiguing
similarly in the current investigation and the Minning et al. .171 study.
When comparing the MF slopes between participants, it is important to
calculate MF across the same time window. MF20 of the PSET was used for
analysis because one participant was only able to hold the 135° position for 23
seconds. However, since the majority of MF slope change occurred during the
initial portion of the exercise, the first 20 seconds should represent muscle
fatigue.182
The vast majority of kinematic studies attribute reductions in upward
rotation of the scapula, and posterior tilting to subacromial impingement.8 As
shoulder abduction angles increase, scapular upward rotation and posterior tilting
also increase. Therefore, the authors hypothesize the 135° position of shoulder
abduction may create subacromial space narrowing, preventing individuals with
shoulder pain from performing the test. Additionally, exercise prescription for
muscular endurance includes resistance training at relatively light external torque
loads while performing static holds or a high number of repetitions.49 Therefore,
using a test position that requires a longer duration may be beneficial to measure
muscular endurance as opposed to merely muscular strength. Since the 90°
shoulder abduction position took approximately 10 seconds longer to fatigue, it is
reasonable to assume that the 90° position would ensure muscular endurance
assessment better than the 135° position in the absence of surface EMG
verification. Hence, the authors recommend using the 90° shoulder abduction
PSET position since the 90° position would likely be less painful in a population
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with shoulder pathology, and this position would ensure assessment of muscular
endurance rather than muscular strength alone.
Since there were different external torques used between sexes, we were
unable to compare across male and female subjects. The decision to use
different external torques was based on pilot data a priori. Since the amount of
external torque added to the arm was determined from the participant’s body
weight and arm length, if similar torques were used across sexes, the female
participants would have had to hold larger external loads than the male
participants did. Therefore, females used an external torque of 13±1 Nm, while
males used an external torque of 21±1 Nm.
This study has limitations to acknowledge. While proper SEMIAM
guidelines were followed for surface EMG electrode placement and data
collection,173 and the primary author consistently performed the electrode
placement; surface EMG is still susceptible to cross-talk from neighboring
muscles. The possibility of using surface electrodes to estimate intramuscular
muscle activity and using their mathematical formulas determined that cross-talk
ranged from 4.4% to 17.3%, with the cross-talk being greatest in overlapping
muscles.175 Based on Waite, 2010,175 the supraspinatus was likely contributing to
the surface EMG placement of the upper trapezius and posterior deltoid.
Additionally, a limitation of spectral frequency analysis is that the muscle
volume conductor may serve as a low-pass filter. Differences in body fat and
skin impedance between subjects is a limitation in spectral frequency analysis.
Thus, a high-velocity motor unit recruited deep in the tissue may be represented
61

in the lower frequency portion of the power spectrum.183 One needs to
understand the limitations of the power spectrum and how these limitations may
also be an explanation of the rationale for PD fatiguing a faster rate than the
other muscles in the current study. Median frequency, despite the limitation, has
observed muscle fatigue objectively elsewhere.168,170,171
While clear definitions for muscle fatigue were used in this study, we could
not control what lead to fatigue. Both peripheral and central factors contribute to
fatigue.103 In fact, the cause of muscle fatigue may be task-specific. The current
study did not measure peak torque, so the percentage of peak torque varied
between participants. The difference in the percentage of peak torque may
contribute to fatigue occurs. The authors used a standard external torque rather
than a percentage of peak torque, so the PSET test can be performed in a
clinical setting based on available information. Additionally, the participant’s
volitional effort is important for testing, and control is limited in human studies.
Lastly, given the participants were young and free from shoulder
pathology, these results are not generalizable. Other studies have demonstrated
that the amount of muscle torque varies depending on the training regimen,184
neuromuscular activation patterns vary among sex,185 and peak torque during a
fatiguing task changes depending on age.186 Therefore, more research is
needed to make claims regarding these co-variants.
Conclusion
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The findings conclude that the PSET causes fatigue in all of the muscles
tested. The PD fatigued significantly faster than the LT and UT in women and
men, respectively. This study suggests that the PSET is testing the endurance of
multiple posterior shoulder girdle muscles, not a specific muscle. Further
studies need to consider other muscles that may impart some amount of
stabilization to the shoulder complex. Time to task failure may prove a useful
clinical measure of shoulder girdle endurance at 90° of shoulder abduction.
Future studies should investigate if the PSET can discriminate between
individuals with and without shoulder pain and if the PSET is a clinically reliable
test.
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Chapter 4: Reproducibility and Discriminant Validity of the Posterior Shoulder
Endurance Test in Healthy and Painful Populations
Introduction
Non-traumatic shoulder pain accounts for 44-65% of all musculoskeletal
shoulder complaints.187-189 The mechanisms leading to non-traumatic shoulder
pain are multifactorial, including kinematic alterations,8,53 anatomic variations,8
intrinsic tendon degeneration,21 and a lack of muscular endurance.10,21,61,62,187
Therefore, clinicians are challenged to differentiate between various mechanistic
contributors. Since the prevalence of non-traumatic shoulder pain is high, fully
understanding the role of each potential contributing factor becomes very
important for clinicians to individualize a treatment plan.
Different energy systems account for muscular strength and muscular
endurance. Therefore, muscular strength and muscular endurance are likely two
different constructs and should be measured with different assessment
techniques. Muscular endurance is defined as the ability of the muscle to
produce force over an extended time or perform multiple repetitions of a load.35
Whereas, muscular strength is the ability to produce a maximal amount of force
for a short period. Therefore, the assessment methods for muscular endurance
should be unique, compared to other assessments of strength. Additionally,
overuse injuries, such as non-traumatic shoulder pain, attributed to a lack of
muscle endurance.10,21,62 Yet, clinical tests focusing on muscular endurance in
the shoulder are scarce in the literature.76-78 Muscular endurance measures
either lack the specificity of shoulder girdle only,76 or lack the psychometric
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properties necessary to establish prior to implementation. 77,78 Reliability and
validity of clinical measures are important to assure the efficacy of the clinical
tool.123
Clinical strength measures are typically performed as either manual
muscle testing (MMT) or handheld dynamometry (HHD). Hayes et al.37 reported
that HHD had superior reliability when compared to the MMT of multiple shoulder
movements (HHD ICC =0.79 – 0.92; MMT ICC = 0.38 – 0.72). Additionally, HHD
allows for more objective measures than MMT, especially at higher MMT
grades.37 While reasonable clinical measures of muscular strength, MMT and
HHD assess the ability to perform one maximal repetition. Clinical strength tests
do not necessarily indicate muscular endurance. Two clinical tests found in the
literature, which measure shoulder girdle muscular endurance, are the Scapular
Endurance Test (SET) and the Posterior Shoulder Endurance Test (PSET). 77,190
The SET is described as having a client face a wall with the shoulders and
elbows flexed to 90° with a spacer positioned between the elbows. 77 The client
holds the spacer with the elbows while maintaining a 1 Kg load cell between
his/her hands by performing shoulder external rotation.77 The serratus anterior
muscle is thought to be a primary muscle in the SET due to the test position, but
muscle activity was not recorded.77 Without knowing the extent of scapular
muscle action, the SET is lacking as a clinical measure of scapular muscular
endurance.
The PSET is an isometric test performed prone with the shoulder in 90° of
horizontal abduction to failure.190 Individuals hold a standardized external load
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based on the individual’s body weight and arm length.85,190 The time to task
failure (TTF) has been reported as 58.1 seconds (95%CI = 57.3-58.9) in
asymptomatic females and 68.5 seconds (95%CI = 67.4- 69.6) in asymptomatic
males.190 Unlike the SET, electromyography results have been reported for the
PSET. The PSET fatigues the upper, middle, and lower fibers of the trapezius,
the infraspinatus, and the posterior deltoid at a similar rate between all muscles
tested, except the posterior deltoid fatigues quicker than the upper trapezius in
males and the lower trapezius in females.190 Day et al.78 have determined a
variation of the PSET performed at 135° of frontal plane shoulder abduction
demonstrated discriminant validity between subjects with and without lateral
epicondylalgia. While the PSET test shows promise as a measure of shoulder
muscular endurance, the reliability of the test has yet to be evaluated in painful
and non-painful populations. Additionally, neither the SET nor the PSET has
demonstrated discriminant validity between individuals with and without shoulder
pain. Discriminant validity is of particular importance in a clinical setting, as
clinicians are evaluating patient symptoms.
Therefore, the purpose of this study was to determine the inter-day test retest reliability of the PSET in both non-painful individuals and individuals with
stable shoulder pain. A second purpose is to evaluate the discriminant validity of
the PSET in males and females with and without shoulder pain by utilizing a
receiver operator curve (ROC) to help establish the diagnostic accuracy of the
PSET and develop a cut-off score. We hypothesize the PSET will have
moderate to excellent reliability (ICC > 0.70) and be able to differentiate between
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individuals with and without non-traumatic shoulder pain. Hence, the PSET
would be a valuable clinical measure of posterior shoulder girdle muscular
endurance.
Methods
Evaluators
There were two evaluators in this study. The primary investigator is a
physical therapist with 16 years of experience. The primary investigator was not
involved in screening the subjects to determine if they met the criteria for being in
the painful group. Additionally, he was blinded to the group classification until
after all data were collected. The primary investigator performed all PSET
testing. The secondary investigator was a second-year physical therapy student.
The secondary investigator was responsible for obtaining informed consent,
screening the patient for inclusion into the painful group, and any follow-up with
the patient after testing. This investigator was also responsible for matching
painful subjects with non-painful subjects based on age and the side tested.
Since painful subjects always had their involved shoulder tested, the side tested
on the non-painful subjects were also controlled to match the number of painful
subjects tested. The secondary investigator was trained by the primary
investigator on all clinical testing used for determining participant inclusion prior
to initiating data collection.
Subjects
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Subjects between 20-60 years of age, with and without non-traumatic
shoulder pain were recruited from the Huntington, WV vicinity. All subjects
completed university-approved informed consent, demographic information, and
the Pennsylvania Shoulder Score (PSS).191 The secondary investigator recorded
weight, height, arm length, and hand dominance in order to calculate standard
external torque applied to a subject’s arm.85,190 The secondary investigator also
performed a clinical examination on each subject including Hawkins-Kennedy,
Empty can, Neer’ Impingement sign, a painful arc between 60-120°, and pain
with external rotation manual muscle testing as described by Michener et al.3
Subjects were excluded if they had uncontrolled hypertension, glaucoma, or a
neurological diagnosis that would impede them from performing the test.
Non-painful subjects were recruited from local orthopedic physician offices
and physical therapy clinics when they were being seen for non-shoulder
conditions and by word-of-mouth. Non-painful subjects had no history of
shoulder surgery nor a history of any other type of surgery within the last 6
months prior to testing. Additional inclusion for the non-painful subjects was a
score >90/100 on the PSS and had ≤ 2 positive clinical tests performed by the
secondary investigator.
Painful subjects were recruited from local orthopedic physician offices and
physical therapy clinics as well as word-of-mouth. Inclusion criteria for the
painful group included a PSS score of < 90/100 and three of the following tests
being positive: Hawkins-Kennedy, Empty can, Neer’ Impingement sign, a painful
arc between 60-120°, and pain with external rotation manual muscle testing.3
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Three of the five positive tests indicated a significant area under the curve (AUC)
= 0.79 (p<0.01) with a positive likelihood ratio (LR+) post-test probability of
54.40%,3 demonstrating a high likelihood that individuals have the condition.
Subjects in the painful group were excluded if found to have a positive finding for
abduction drop arm test, external rotation lag sign, or a positive lift-off test due to
the high likelihood of a rotator cuff tear.192
Procedure
The arm length, measured from the lateral border of the acromion to the
distal end of the radial styloid process, and body weight were used for
standardizing the external load across participants.190 The external torque was
standardized based on published anthropometric data using the 50 th percentile
for both males and females.85 After using anthropometric data to estimate torque
provided by the arm alone, an additional external load was provided to the
nearest 0.23 kg resulting in external torque for males equaling 21 ± 2 Nm and the
external torque for females equaling 13 ± 1 Nm. The range of weight held for the
male subjects was between 1.36 – 2.5 kg with one subject holding 1.36 kg, three
holding 2.05 kg, six holding 2.27 kg, and one holding 2.5 kg in the hand. Female
subject external loads ranged between 1.14 – and 1.59 kg with two subjects
holding 1.59 kg, six holding 1.36 kg, and eleven holding 1.59 kg in the hand.
These ranges were similar to previous values ranging from 2.05 -2.5kg in males
and 1.36 – 1.59 kg in females.190
Subjects performed a five-minute warm-up on an upper-body ergometer to
minimize the risk for muscular strain. After patients were familiarized with the
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testing procedures, s/he laid prone and held the arm at 90° of horizontal
abduction against a stand-alone target to ensure proper form was maintained
(Figure 4.1). The time to task failure (TTF) was recorded as the time (seconds)
in which the participant initially contacted the target until s/he could no longer
maintain contact with the target. TTF was measured with a stopwatch. Verbal
encouragement was provided throughout the testing procedure. Failure of
testing was defined as the participant not maintaining form or consistent contact
with the target. Examples of test failure behavior included excessive trunk
rotation, inability to maintain contact with the stand-alone target after verbal
encouragement was provided, or self-selected stoppage. Painful participants
were educated prior to testing to stop if the pain became intolerable. The
secondary investigator interviewed each subject after testing to determine why
s/he stopped the activity. Three painful subjects discontinued the testing
secondary to an increase in pain. However, the TTF for those three subjects was
obtained as previously described. The exact procedure was reproduced 7-10
days later. To ensure no change in symptoms, the secondary investigator asked
the subjects to rate any change in symptoms using the global rate of change
score (GROC),193 an 11-point scale measuring a patient’s perceived
improvement or deterioration. Subjects were permitted to participate in the
second day of testing if they reported scores of -1, 0, or +1. Test-re-test reliability
of the GROC ranges between ICC = 0.90-0.99.193 Three out of fifteen subjects
reported a negative change in the GROC score that exceeded -1 and were
excluded from the reliability portion of the study. It is unknown whether the
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negative change in the GROC score was due to the testing or was simply due to
an exacerbation in their symptoms since the previous testing date.
Figure 4.1. PSET testing position. The shoulder is at 90˚ of abduction and 90˚
of horizontal abduction.

Statistical Analysis
Prior to determining the reliability, a Shapiro-Wilk test ensured the TTF
across groups was normally distributed (p > 0.05). TTF (seconds) was used to
assess the inter-day reliability of the PSET in male and female participants
combined. Interclass correlation coefficients (ICC2,1) were calculated for the
painful group and non-painful group separately. ICCs were considered poor if
values were <0.5, moderate if between 0.5 and 0.75, good if between 0.75 and
0.90, and excellent if > 0.90.160 ICCs were used to determine the standard error
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measurement (SEM = SDpooled * √(1 − 𝐼𝐶𝐶)), and minimal detectable change
at 90% (MDC90 = (SEM * √2)* 1.65) for a total, painful, and non-painful groups.
Day one of the TTF was used to determine discriminant validity. Separate
male and female receiver operating curves (ROC) were calculated. The ROC
coordinates are utilized to determine diagnostic validity, which helps provide the
sensitivity and specificity of a given test. The sensitivity of a test can be defined
as the test’s ability to identify a true positive, and specificity is defined as a test
that identifies a true negative outcome. For the purposes of this study, the ROC
coordinates were used to determine the best combination of sensitivity and
specificity in order to identify a cut-off score for the TTF during the PSET to
discriminate individuals likely to have shoulder pain and those likely not to have
shoulder pain.158,159 Cut-scores can be utilized by clinicians to aid in their
interpretation of the PSET.

The threshold time point, which has the combined

highest sensitivity and specificity, was determined by examining each coordinate
point for males and females separately and reported as the cut-off score. The
area under the curve (AUC) of the ROC provides the likelihood of correctly
identifying the condition of true positives and true negatives. Therefore, the
diagnostic accuracy of the clinical test can be interpreted as follows: an AUC
between 0.90-1.0 = excellent, 0.80-0.90 = good, 0.70-0.80 = moderate, 0.60-0.70
= poor, and < 0.60 = useless.159,194
Results
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Thirty subjects participated in this study (female=19; male=11).
Demographics and PSS are presented in TABLE 4.1. Painful subjects were
found to have significantly lower PSS scores than the non-painful subjects
(p<0.001).
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Table 4.1. Patient Demographics. Note: Independent t-test compared across
groups. *Significance at p<0.05 male height between painful and non-painful
groups, and male PSS between painful and non-painful groups. # Significance at
p<0.001 for female PSS and combined PSS between the painful and non-painful
groups.
Painful Group
Total
Participants
(N)

N=1
6

Non-painful Group

Male

Female

Total

Male

Female

N=6

N=10

N=14

N=5

N=9

Weight (Kg)

81±25

96±30

72±18

67±11

76±9

62±8

Height (cm)

173±11

184±3*

166±9

168±7

175±6

165±4

Age (years)

34±13

42±12

30±12

33±13

33±9

33±15

Pennsylvania
Shoulder
Score (PSS)

72±14#

71±20*

73±10#

98±4

98±2

98±5

Intraclass correlation coefficients (ICC2,1) was assessed on 25/30
participants (painful = 12, non-painful =13). Two subjects could not be rescheduled due to personal conflicts, and three subjects in the painful group had a
negative change in GROC score that exceeded the inclusion, leaving a total of
25 out of 30 potential participants included in the reliability portion of the study
(Table 4.2).
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Table 4.2. Intraclass correlation coefficients (ICC 2,1), standard error
measurements (SEM), and minimal detectable changes (MDC90) of the
Posterior Shoulder Endurance Test in total, painful, and non-painful populations.
ICC(2,1)
(95%CI)

SEM (sec)

MDC90 (sec)

Total Group
(n=25)

0.80 (0.58 –
0.91)

10.4

24.4

Painful Group
(n=12)

0.77 (0.40 0.93)

13.1

30.6

Non-painful Group
(n=13)

0.85 (0.58 –
0.95)

7.3

17.0

The female non-painful group (n = 9) performed the PSET an average of
60.8 ± 17.6 seconds, while the female painful group (n= 10) performed the PSET
an average of 47.7 ± 32.2 seconds. The male non-painful group (n=5) held the
PSET position an average of 62.7 ± 24.3 seconds, and the painful male group
(n=6) held the PSET 36.0 ± 18.4 seconds.
Separate receiver operator characteristic curves (ROC) were used for
male (painful = 6; non-painful = 5) and female (painful = 10; non-painful = 9)
participants since different loads were used. Male ROC AUC was 0.833
(CI95%= 0.58-1.0) (Figure 4.2). The female ROC AUC was 0.633 (CI95%=
0.361-0.906) (Figure 4.3). The male ROC had a sensitivity = 0.833, and
specificity = 0.80 at 47 seconds. While the female ROC curve had a sensitivity =
0.600 and specificity = 0.889 at 46 seconds.
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Figure 4.2. Male Participant Receiver Operating Characteristic Curve (ROC) of
the PSET time to task failure.
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Figure 4.3. Female Participant Receiver Operating Characteristic Curve (ROC)
of the PSET time to task failure.

Discussion
The primary purpose of this investigation was to determine the clinical
utility of the PSET by examining the inter-day reliability and discriminant validity
of the measure. The data suggest the PSET has good reliability in both nonpainful populations (ICC = 0.85), and in painful populations (ICC = 0.75).
Although the subjects denied changes in symptoms from one test date to the
next using the GROC, changes in sub-clinical symptoms may contribute to the
reduction in reliability in the painful group. Since reliability is measuring the
stability of the test, any symptoms must be consistent, which might have
effected a change in score.194 Therefore, individuals with pain would be more
susceptible to labile symptoms, thus producing lower ICC values. However,
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since ICC values of >0.75 have been reported as good reliability scores, 160,194
and in the absence of other clinical measures for posterior shoulder girdle
muscular endurance, this could be considered an acceptable level of reliability in
patients with and without shoulder pain.
The minimal detectable change (MDC) is a distribution-based value that is
influenced by the measurement error of a test, which is directly influenced by a
test ICC value or stability of a test. Therefore, as the reliability decreases, the
responsiveness of the measure would decrease, and the ability of a test to
demonstrate a real change requires a greater change in the measured value.
Based on this data, in order to be 90% confident that a true change in TTF of the
PSET occurred, and not simply different by chance, there should be 17 seconds
change in a non-painful population and 31 seconds change in a painful
population. In a similar testing procedure, the MDC90 of the PSET at 135˚
isometric shoulder abduction in individuals with elbow pain was 24 seconds. 145
While Day’s findings were slightly higher than this current study, the possibility of
a learning effect would have likely inflated the MDC value. So, the MDC value of
17 seconds found in this current study for a non-painful population is reasonable.
The PSET MDC in a population of patients with shoulder pain has not been
reported in previous literature. Based on the current and a previous study,145
which had a different methodology, clinicians should consider using 30 seconds
to represent a functional improvement in a painful population and 17 seconds in
a non-painful population when using the PSET as a measurement tool for
posterior shoulder endurance.
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The scapular endurance test (SET) described by Edmondston and
colleagues reported reliability of 0.67 (CI95% = 0.31-0.85) with an MDC of 30.1
seconds in individuals with neck pain.77 The reliability of the scapular endurance
test in a healthy population has not been reported. Additionally, the SET was
only tested on individuals with neck pain, no shoulder pain. While the SET is
performed until failure, the muscles responsible for the activity likely differ from
the PSET. The muscles fatiguing during the SET have not been investigated. 77
However, Elkstrom et al.136 described a similar movement as demonstrating high
muscle activity of serratus anterior and trapezius. Evans et al.190 demonstrated
that muscle activity in the trapezius, infraspinatus, and posterior deltoid is
fatiguing during the PSET, with the posterior deltoid fatiguing more than one
other muscle in both males and females. So while the results of this investigation
demonstrate comparable reliability and MDC values to the scapular endurance
test in painful populations, the PSET offers unique information since the scapular
position and muscles being fatigued differ.
The second purpose of this investigation was to determine if the TTF was
able to differentiate individuals with and without shoulder pain. ROC plots help
determine the clinical utility by plotting true positive findings (Sensitivity) against
false positives (1-Specificity).159 An ideal ROC test would report an area under
the curve (AUC) of 1.0, and a meaningless test would have an AUC = 0.5. 159
The current study results support that the PSET are good for discriminating
males with and without shoulder pain (AUC=0.883), but not as discriminating
females with and without shoulder pain (AUC=0.633).159 With closer examination
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of the data, there was one painful, female subject that held the PSET for 102
seconds, thus skewing the sensitivity and specificity of the female graph. If the
ROC was performed without the one outlier, the AUC= 0.704 (CI 95% 0.439,
0.969). With the small sample size, one subject made a significant difference in
the ROC.

The sample size was limited for both sexes, and the authors feel that

further research is warranted with larger sample sizes to confirm or refute these
results.
The ROC can also establish the point at which the TTF has the best
combination of true positives and true negatives.159 Thus, using the sensitivity
and specificity of the measure, a cut-off score can be determined. These data
demonstrate a cut-off score that differentiated those with and without shoulder
pain of 46 and 47 seconds in female and male subjects, respectively. The cut-off
score can be interpreted as the time used to differentiate those with shoulder
pain from those without shoulder pain. Therefore, in a perfect test, individuals
without pain should score higher than the cut-off time, and individuals with pain
should score below the cut-off time. The cut-off score of 46 seconds resulted in
correctly classifying 75% (8/12) of the non-painful and 86% (6/7) of the painful
female participants. Therefore, the specificity, or true negative rate, is much
higher compared to the sensitivity, or true positive rate, in the female population.
Similarly, the male ROC curve identified a cut-off score of 47 seconds resulting in
correctly classifying 80% (4/5) of the non-painful and 83% (5/6) of the painful
male participants. Therefore, the combination of sensitivity (0.833) and
specificity (0.80) in the male cohort produced a more meaningful combination.
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While these findings are novel, further research needs to be performed to
improve the precision of the cut-off scores and the ability of the PSET to
discriminate between painful and non-painful individuals. Cut-off scores for TTF
for the PSET should be used cautiously at this time, secondary to the small
sample size in this study.
The PSET requires the individual to sustain a position for as long as
possible. There is an underlying assumption that all participants would give
maximal effort. However, multiple factors might cause an individual to stop the
test: including muscular fatigue, pain, or lack of motivation. Intrinsic motivation
cannot be controlled in any test to failure, so we cannot be sure that everyone
performed her/his best effort on the PSET. Similarly, an isometric test to failure
may also be limited due to pain rather than a lack of muscular endurance.
These data suggest that those with pain can perform this outcome measure but
are performing it for a shorter period than those who did not have shoulder pain
as was expected. There were 3/16 (19%) participants in the painful group that
stopped testing secondary to pain; otherwise, all participants either reported
maximal fatiguing or were stopped due to technique breakdown.
The patient-reported outcome, PSS, was collected from all participants
and used to discriminant between the painful and non-painful participants (Table
4.1). However, the average PSS for the painful group was still relatively high in
this sample, which indicates that they had a relatively high function and
satisfaction with low pain levels. Therefore, individuals with more significant
amounts of pain or acute injury may not be able to tolerate the PSET testing
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position. Since pain can limit performance on any functional test, a clinician
should consider adding the PSET after pain severity has been mitigated. The
current painful sample had an average PSS pain subscale of 20.6 ± 3.9 out of a
score of 30, where a score of 30/30 would represent no pain. The PSS pain
subscale has three questions about pain.191 Using this sample as a guide,
clinicians should be able to reasonably test patients with the PSET if they score
≥17/30 on the PSS pain subscale or a similar construct. More research is
needed to determine if an increase in pain and functional loss limits the subject’s
ability to perform the PSET.
Limitations
Despite all attempts to limit the extraneous factors influencing our results,
this study is not without limitations. A major limitation of the current investigation
is the sample size. The reliability assessment and receiver operating curves
used to analyze the data for this study are both influenced by sample size. A
larger number of participants reduces the likelihood of over-estimation or underestimation of both reliability and validity measures.194 The results of this
investigation should be used cautiously until further evidence either supports or
refutes its findings.
Since the results of this study are dependent on maximal effort
performance by subjects, the authors cannot assure that all participants were
performing maximally. Clear instructions and expectations of testing were
provided to participants prior to testing. Additionally, a clear definition of test
failure was implemented to assure that each participant performed testing to
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failure to attempt to mitigate participants ceasing the PSET without maximal
effort. Three subjects reported stopping the testing secondary to pain, but the
remaining participants demonstrated test failure as defined a priori. A second
limitation regarding effort dependent testing is whether the fatigue is of central or
peripheral origin.103 In studies using human subjects, it is difficult to control for
the type of fatigue occurring. However, the current study was voluntary and
assumed all participants performed at their maximal effort.
Lastly, the generalizability of this study to a painful population may be
limited. Inclusion criteria were set to assure that there was a strong likelihood
that the painful group had chronic pain that resembled tendinopathy without
evidence of a tendon tear.3 Although individuals with and without shoulder pain
were included in this study, only sixty-nine percent of the painful subjects in the
current study were seeking medical care. Therefore, the results of this study
may not represent a population that typically seeks medical care. At this time,
the authors suggest implementing the PSET after acute pain and dysfunction
have subsided.
Conclusion
The PSET is a clinical measure targeting the muscular endurance of the
posterior shoulder girdle. The study results support that the PSET is a reliable
tool for measuring posterior shoulder muscle endurance in painful and nonpainful populations (ICC = 0.77- 0.85). The PSET discriminant validity was
stronger in the male population than the female population. Clinicians can use
cut-off scores of 46 and 47 seconds in females and males, respectively, to help
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determine if muscular endurance is contributing to shoulder pain. The PSET’s
minimal detectable change score of 17 and 31 seconds for non-painful and
painful populations, respectively help clinicians measure change after an
intervention. More research should be performed to overcome the limitations of
the current study and establish a more robust diagnostic validity of the PSET.
Future research should determine the minimally clinically important difference
(MCID) of the PSET to help improve responsiveness measures and if an
increase in TTF of the PSET equates to an improvement in painful symptoms.
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Chapter 5: Construct Validity of the PSET
Introduction
Rehabilitation professionals are charged with identifying deficits in
muscular performance when assessing patients with musculoskeletal
dysfunctions. Daily activities require different forms of muscular performance.
Some activities require maximal force generation, while other activities require
sustained muscular contractions for longer periods.35,36 Muscular strength is
usually measured as peak torque,195 performance of a one-repetition maximum,70
or maximal voluntary isometric contraction using a hand-held dynamometer
(HHD), or manual muscle testing (MMT).36,37 Hayes et al.37 compared HHD to
MMT, finding HHD was more reliable in shoulder movements (HHD: elevation
ICC = 0.96 and external rotation ICC = 0.92) with the only acceptable level of
MMT reliability (MMT: internal rotation ICC = 0.85). However, neither HHD nor
MMT provides information to clinicians on the level of muscular endurance.
Muscular endurance is measured by calculating fatigue indices, 196,197,
number of repetitions performed at a submaximal level36, or reporting time to task
failure (TTF).78,190 Fatigue indices compare the total work or torque performed
using a pre-determined number of repetitions at the beginning of an isokinetic
trial to the same number of repetitions at the end of the trial.148,152,198 However,
the reliability of quantifying fatigue utilizing fatigue indices is poor when
measuring lower extremity muscle groups (ICC = 0.48 in the quadriceps and ICC
= 0.60 in the hamstrings) at 180˚/second198 suggesting that other methods for
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quantifying fatigue throughout an exercise bout are needed. A decay slope of
the peak torque has been utilized for quantifying fatigue in the quadricep muscles
and has superior reliability to the fatigue index (slope ICC = 0.82; Fatigue Index
ICC = 0.26).151 However, other body regions have not been examined in this
manner.
Training variables for muscular endurance have been accepted as
contrary to the training variables used in muscular strength training. 49,70,74,199
Therefore, it is reasonable to consider muscular strength and muscular
endurance as two different constructs requiring different assessment techniques.
Yet, few clinical assessments measure muscle endurance, especially in the
shoulder girdle.77-79
The Posterior Shoulder Endurance Test (PSET) is either an isometric

78,190

or isotonic36 test until failure, so it is reasonable that the PSETmeasures
muscular fatigue rather than muscular strength. The reliability of the PSET is
good in subjects with and without non-traumatic shoulder pain (Non-painful ICC =
0.85; painful ICC = 0.77).208 However, whether the PSET primarily measures
endurance or strength remains untested.
Construct validity is of vital importance for any clinical test.147 Construct
validity states that a clinical measure reports on the construct of interest. Since
muscular endurance and muscular strength both involve contracting muscle to
produce internal torque, it is less clear which construct clinical measures are
testing. Based on training protocols in healthy populations, muscular strength
and muscular endurance are likely not mutually exclusive.49,70 When performing
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regimens to improve muscular strength, muscular endurance does not
demonstrate improvements.49,70 However, when training for muscular
endurance, the regimens commonly produce gains in strength and
endurance.49,70,200
When measuring the construct validity of clinical tests, it is important to
identify a criterion, or gold standard, to compare the test. However, identifying a
criterion is problematic in the shoulder girdle due to a lack of acceptable reliability
outcomes for muscular endurance tests specific to the body region .152,195,201,202
Therefore, before correlating the PSET to a similar criterion muscular endurance
measure, the criterion needs to be established. Isokinetic testing offers the most
logical choice for a gold standard of measuring fatigue, and it is adaptable to
simulate the movements of the PSET.151,152,203 Habets and colleagues203
reported that isokinetic testing at slower speeds (60֯/second) produced more
reliable results than faster speeds (120֯/second) in measuring peak torque of
shoulder external rotation (60֯/sec ICC = 0.89; 120֯/sec ICC = 0.81).203 To the
author's knowledge, there are no reliability investigations on shoulder horizontal
abduction/adduction using an isokinetic dynamometer at various speeds.
Therefore, identifying the reliability of multiple shoulder horizontal abduction
isokinetic speeds needs to be performed prior to considering isokinetics a gold
standard. Once acceptable reliability is met, measuring the construct of the
PSET can occur.
Therefore, this study has two primary aims. Firstly, the reliability of the
fatigue indices of peak torque (PT), average torque (AT), area under the curve
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(AUC), and decay slope of two isokinetic protocols with different angular speeds
and differing repetitions will be calculated to assess horizontal abduction
muscular endurance. We hypothesize the slower isokinetic speed protocol and
the decay slope would produce a more consistent measure of reliability.151,203
Once acceptable reliability of an isokinetic protocol is accomplished, the protocol
would be used in the second part of the study. The second aim was to examine
the construct validity of the PSET TTF by correlating it to the isokinetic peak
torque (strength measure) during horizontal abduction and the most reliable
endurance measure found in the first aim. We hypothesize that the PSET TTF
would have a stronger correlation to the endurance measure (r > 0.7) than it
would have for the peak torque measure (0.40 > r < 0.70), demonstrating that the
PSET TTF is a better measure of endurance than strength.
Methods
Subjects
Healthy subjects between the age of 20-40 were recruited from the
Huntington, WV vicinity. Subjects were screened for the absence of
impingement signs and symptoms.3 Inclusion criteria included no shoulder pain,
or previous shoulder surgery in their lifetime, and no other surgery within the past
6 months. Subjects reported to the testing facility and completed the informed
consent, as well as demographic information, and shoulder activity
questionnaire.172 After completion of the informed consent, a researcher
measured each subject’s height, weight, arm length, tricep skinfold measurement
(mm), and mid humeral girth measurement (cm). The skin fold and girth

88

measurements estimated the lean muscle mass of the humerus,100 and arm
length and body weight determined the load for the PSET.85
Isokinetic Reliability Testing Procedures
The purpose of the first aim was to determine the isokinetic protocol,
resulting in the best reliability with the highest ICC score. If more than one
method resulted in acceptable reliability, the best measure of fatigue defined a
priori as the greatest decline in peak torque from the beginning of the test to the
end of the test would be used. Prior to testing, subjects performed a 5-minute
warm-up on an upper-body ergometer to reduce musculoskeletal injury risk.
Each subject performed two shoulder horizontal abduction/adduction isokinetic
protocols on two separate days scheduled 48-72 hours apart. The low repetition
resistance protocol was performed at 60˚/second in the following manner: 3
submaximal repetitions followed by a 1-minute rest; 5 maximal repetitions
followed by a 5-minute rest; then 20 maximal repetitions. The high repetition
resistance protocol was performed at 180˚/second in the following manner: 3
submaximal repetitions followed by a 1-minute rest, 5 maximal repetitions
followed by a 5-minute rest, then 40 maximal repetitions. The order of protocol
performance was alternated between subjects to avoid an order effect from the
activities. Within each testing day, there was a 15-minute break between the two
protocols.116 Both protocols were performed in a supine position using a Cybex
Humac Norm model #502140 (Stoughton, MA). Gravity correction was
performed with each subject to eliminate the weight of the arm from the torque
measurements. Subjects lay supine with their head near the dynamometer. The
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Cybex dynamometer axis was adjusted to be in line with the center of the
humeral head to represent horizontal abduction/adduction rotation in the
transverse plane. Each subject confirmed position by assuring that the arc of
shoulder horizontal abduction and adduction motion was full and had unrestricted
movement without the need to bend the elbow. Horizontal abduction/adduction
ROM was set for each subject between -10 to 80 degrees of horizontal abduction
(Figure 5.1). All testing occurred on the right shoulder, and verbal
encouragement was provided throughout testing.197
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Figure 5.1. Cybex Testing: Beginning and ending position.

Isokinetic Data Reduction
After the second day of testing, the data was exported into Microsoft Excel
for processing, and IBM SPSS v. 24 was used for statistical analysis. The
fatigue index (FI) was calculated for variables peak torque (PT), average torque
(AT), and area under the curve (AUC) in both the 60˚/second and 180˚/second
protocols. Torque data was captured at 100Hz; therefore, data were recorded
every 10 milliseconds for all isokinetic measures. The first repetition was ignored
in each dependent variable calculation due to consistently lower values on this
repetition. Therefore, the first five repetitions were repetitions two through six.
Higher values on the second repetition are likely due to post-activation
potentiation of the muscle following the first concentric contraction.86,204
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Peak torque fatigue index (FI) was calculated by using the single highest
torque value recorded during each of the first and last five repetitions measured
in Newton-meters (N m). Then, FI was calculated as a percentage based on the
highest PT from the first 5 repetitions – PT from the last 5 repetitions / (PT in reps
first 5) ˙ 100.
The average torque fatigue index was calculated by averaging the torque
values for all repetitions measured in Nm. The AT first 5 repetitions – AT last 5
repetitions / (first 5 repetitions) ˙ 100.
The area under the curve fatigue index, was calculated using the
trapezoid method for each of the first and last five repetitions. The trapezoid
method calculates the torque at each time interval, and then those torque values
are summed (0.01 ˙ (torque of 0.01 second + torque of previous 0.01 second) /
2)).205 The AUC is reported in N m second. The FI of AUC is the AUC of the first
5 repetitions – AUC of the last 5 repetitions) / (AUC in first 5 repetitions) ˙ 100.
The fourth dependent measure was the decay slope, which is the peak
torque from each repetition. Repetitions 2-20 were used for the 60˚/second
protocol, and 2-40 repetitions were used for testing at 180˚/second protocol.
Then the slope function in MS Excel found the best-fit slope of the line. Since the
peak torque decreased throughout the activity, all slopes were negative.
Reliability Testing of Fatigue Index
Test re-test ICCs were calculated in SPSS v. 24 using two-way mixed
effects, absolute agreement, average measure for FI of peak torque (PT),
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average torque (AT), and area under the curve (AUC). ICC two-way mixed
effect, absolute agreement was used for the decay slope of the 60˚/sec protocol
and the 180˚/sec protocol. Standard Error Measurement (SEM90) was
calculated as (𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑 ˙ √1 − 𝐼𝐶𝐶) ˙ 1.65 for each dependent variable (Table
5.1).
PSET Construct Validity Procedures
The purpose of the second aim was to compare the PSET TTF to the
most reliable isokinetic protocol, which was identified in the first aim of the decay
slope from the 60˚/second protocol (Table 5.1). Subjects tested for the first aim
were not tested for the second aim. Therefore, an acclimation period allowing
subjects to perform the isokinetic protocol and the PSET was implemented to
reduce the learning effect. The acclimation period was performed 48-72 hours
prior to testing.
On the day of testing, subjects performed a 5-minute warm-up on an
upper-body ergometer and then performed the 60֯/second isokinetic protocol and
the PSET. The order of testing was alternated to avoid an order effect. There
was a 15-minute rest break between isokinetic testing and the PSET. The
60˚/second protocol has previously been described in the isokinetic reliability
testing procedures. For the PSET, subjects were positioned in prone with the
arm at the edge of a table. Subjects were asked to hold a pre-determined weight
of 21 Nm for males190 and 13 Nm for females190 against a stand-alone target set
at 90˚ of shoulder frontal plane abduction and 90˚ of shoulder horizontal

93

abduction until failure. The amount of torque produced from the upper extremity
alone was determined by using published anthropometric data,85 and an
additional load was provided to the nearest 0.23 Kg in order to standardize the
load held between subjects.190 Verbal encouragement was provided to continue
the PSET as long as possible. Failure of testing was determined by an inability
to maintain contact with the stand-alone target, or excessive alteration in
technique such as trunk rotation. TTF was recorded with a stopwatch to the
nearest one/tenth second.
Data Reduction
The decay slope, which has been previously described, represented
fatigue since the decay slope yielded the only acceptable reliability. The peak
torque value from the 60˚/second protocol was found using the Max function in
MS Excel from all 20 repetitions, and PT was used as the criterion of strength.
Both the decay slope and peak torque were correlated with the PSET TTF.
Statistical Analysis
IBM SPSS v. 24 was used to calculate the Pearson Correlation
Coefficients (r) between the TTF of the PSET, the decay slope of the isokinetic
60˚/second fatigue protocol, and the peak torque generated during the isokinetic
60˚/second protocol. Correlations (r) were considered high if r >0.70, moderate if
r > 0.40 and <0.70, and low if r ≤ 0.40.76
Results
Isokinetic Reliability Testing
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Eighteen subjects (9 males: 25.1±1.5 years, 86 ± 20.4 kg, 177.7 ± 4.6 cm;
and 9 females: 24.6 ± 2.5 years, 59.2 ± 9.4 kg, 164.8 ± 6.7 cm) participated in
phase I. ICC values for 60˚/second protocol ranged between 0.716 and 0.941.
ICC values for the 180˚/second protocol ranged between 0.391 and 0.764 (Table
5.1).
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Table 5.1. Reliability and SEM90 of fatigue indices (FI) and peak torque decay
slope (Slope) of 60˚/second and 180˚/second protocols.
60˚/sec
FI/Slope Mean ± SD

ICC (95% CI)

SEM90

Day 1

Day 2

Peak Torque
(PT) FI

0.15 ± 0.10

0.19 ± 0.08

.795
(.440-.925)

0.07

Average
Torque (AT)
FI

0.15 ± 0.09

0.19 ± 0.08

.761
(.366-.912)

0.07

Area Under
Curve (AUC)
FI

0.14 ± 0.10

0.19 (0.07)

.716
(.254-.895)

0.07

Peak
Torque
Slope

-0.38 ± 0.30

-0.46 (0.36)

.941
(.840-.979)

0.13

180˚/sec
Day 1

Day 2

PT FI

0.23 ± 0.10

0.27 ± 0.08

.391
(-.555 - .773)

0.12

AT FI

0.19 ± 0.08

0.23 ± 0.07

.489
(-.320 - .810)

0.09

AUC FI

0.13 ± 0.08

0.15 ± 0.09

.739
(.278-.905)

0.07

PT Slope

-0.20 ± 0.11

-0.24 ± 0.13

.764
(.373-.913)

0.10

96

PSET Construct Validity
Thirty subjects (18 females) participated in this aim of the study (Table
5.2). Pearson correlation coefficients (r) are reported in seconds for PSET TTF,
isokinetic decay slope, and isokinetic peak torque N*m are presented in Table
5.3 for males and females.
Table 5.2. Demographics and descriptive data of participants from the Construct
Validity aim of the Study.
Male (n=12)

Female (n=18)

Age (yrs)

22.7 ± 1.8

23.6 ± 1.7

Weight (kg)

85.9 ± 17.6

72.2 ± 14.3

Height (cm)

180.7 ± 7.0

170.3 ± 8.8

Arm Muscle Area (cm^2)

32.5 ± 3.8

25.1 ± 2.2

Shoulder Activity Score*

13.3 ± 3.7

9.3 ± 3.8

PSET TTF (sec)

55.2 ± 14.2

54.9 ± 19.6

-0.6 ± 0.3

-0.4 ± 0.2

117.0 ± 24.7

73.8 ± 12.9

Isokinetic Decay Slope

Isokinetic Peak Torque (N m)

*Note: Brophy RH, Beauvais RL, Jones EC, Cordasco FA, Marx RG.
Measurement of shoulder activity level. Clin Orthop Relat Res. 2005;439:101108.
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Table 5.3. Pearson correlation coefficient (r) for male and female participants
Male Participants
Variables
1.

1

2

3

PSET TTF
--

2.

3.

Isokinetic decay slope
0.366

--

0.650*

-0.228

Isokinetic peak torque
--

Female Participants
Variables
1.

1

2

3

PSET TTF
--

2.

3.

Isokinetic decay slope
-0.148

--

0.447

-0.729**

Isokinetic peak torque
--

Notes: n= 30; male =12, female = 18; *Significance at p<0.05. **Significance at
p<0.01.

Discussion
The first aim of this investigation determined the decay of the peak torque
from the 60˚/sec isokinetic protocol was the most reliable measure of fatigue.
The findings support the initial hypothesis and agree with previous
studies.151,198,203 Habets et al.203 determined shoulder external rotation ICC
reliability at 60˚/sec ranged between 0.898 and 0.934, while ICC reliability ranged
between 0.924 and 0.935 for shoulder internal rotation when compared to
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120˚/sec. It should be noted that Habets et al.203 investigated peak torque
reliability using a small number of repetitions, but the results are similar to the
current study demonstrating greater reliability at a slower isokinetic speed. The
increased reliability at slower speeds might be related to the muscular
physiological principle, neural drive.206 Neural drive refers to the ability of the
nervous system to coordinate muscle contraction efficiently.206 Slower speeds
allow for more consistent recruitment of muscle, which would improve the
reliability between days, especially when comparing 60˚/sec to 180˚/sec in
shoulder horizontal abduction.
Utilization of the peak torque decay slope also demonstrated the greatest
amount of reliability in both the 60˚/sec and 180˚/sec isokinetic protocols
compared to the reliability of fatigue indices (Table 5.1). Pincivero and
colleagues151 reported reliability of ICC = 0.78 – 0.82 using the slope compared
to ICC = 0.26 – 0.82 using the fatigue index. It is likely that utilizing the slope of
fatigue is more consistent between days due to utilization of every repetition and
determining the line of best fit, compared to utilizing the initial and terminal
repetitions. Enoka and Duchateau 101 describe physiological and psychological
factors that can dictate TTF, including mood, saliency, and arousal. Therefore, it
is reasonable to consider that individuals have fluctuations when producing
torque during a fatiguing task. Further, torque variability is illustrated within each
repetition.106,151
The second aim of this investigation compared the PSET TTF to the peak
torque and the decay slope in the 60˚/sec isokinetic protocol. Moderate positive
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correlations were found between the TTF and peak torque (r = 0.447 and r =
0.650) in females and males, respectively. A positive correlation would be
expected between the PSET TTF and peak torque. Additionally, these findings
support the initial hypothesis of a moderate correlation between the PSET TTF
and peak torque.
However, a weak positive correlation was found between the TTF and the
decay slope in males (r = 0.366), while a weak negative correlation was found in
females (r = -0.148). As fatigue occurs more quickly, the decay slopes become
steeper, which represents a greater negative value. Therefore, as the decay
slope value becomes more negative, we hypothesized that the PSET TTF would
also decrease. However, the contrary results to the initial hypothesis led us to
re-examine the data to explain the unexpected results. After re-examining, it was
observed that individuals with greater body weight held lighter external load
resulting in a longer time to failure (Table 5.4). External loads were predetermined with males holding a 21 N m and females holding 13 N m. 190 This
procedure has been used successfully in previous research and deemed reliable
and valid, as identified in Chapter 4. In order to determine the amount of external
load for each participant, the body weight was used to estimate the median
weight of the upper extremity.85 Therefore, as body weight increases, so does
the weight of the arm that is contributing to the amount of standardized torque.
Which in turn equates to individuals with larger mass holding less external
weight.

100

The variables collected in this study were examined secondarily to
determine which factors were most associated with time to failure. A forward
stepwise multivariate linear regression was carried out on male and female
subjects, separately. The dependent or outcome variable was the PSET TTF,
and the predictor variables were the fatigue slope of the 60˚/second protocol,
peak torque (N m), body height (cm), body weight (kg), rate of perceived exertion
during isokinetic testing, muscle arm area, and the shoulder score. Multivariate
forward model regression for male subjects resulted in body weight (Kg)
significantly predicting the PSET TTF. In contrast, female subjects resulted in
body weight (Kg) and muscle arm area being predictive (Table 5.5), supporting
the bodyweight of the participants was strongly related to predicting the PSET
TTF. Using a percentage of body weight for the PSET instead of standardizing
the torque between subjects needs further evaluation.36,78
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Table 5.4. Summary of body weight and weight held for the PSET and the test
time to failure of the PSET.
Sex

Body Weight Weight Held TTF of PSET
(Kg)
for PSET (Kg)
(sec)

F

57.05

1.4

22.02

F

58.86

1.6

33.04

F

59.32

1.6

39.22

F

59.55

1.4

29.79

F

60

1.6

59.37

F

65.23

1.1

30.33

F

65.45

1.6

64.81

F

67.05

1.4

55.54

F

67.27

1.1

58.68

F

67.50

1.4

75.63

F

68.18

1.4

56.36

F

68.64

1.4

52.05

F

76.14

1.1

52.03

F

79.09

0.9

46.98

F

84.77

1.1

70.53

F

93.64

0.7

74.43

F

99.77

0.7

99.92

F

102.95

0.7

68.22

M

60.91

2.7

39.63

M

62.50

2.3

35.53

M

72.86

2.3

51.87

M

74.55

2.5

52.45

M

80

1.8

58.77

M

82.73

1.8

51.34
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Table 5.4 (continued). Summary of body weight and weight held for the PSET
and the test time to failure of the PSET.
Sex

Body Weight Weight Held TTF of PSET
(Kg)
for PSET (Kg)
(sec)

M

83.41

1.8

46.3

M

85.14

1.8

42.53

M

103.64

1.6

64.41

M

103.86

1.4

83.61

M

108.09

1.4

62.11

M

113.41

0.9

74.21

Note: Female participants (n=18); male participants (n=12); F=female, M=male,
TTF = test time to failure
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Table 5.5. Male and Female multiple linear regression forward model for
Posterior Shoulder Endurance test time to failure
pMale
Variable
R
Adj R2 Beta
Beta CI
VIF
value
LB
Model

0.836

UB

0.668

0.001

Constant

-2.66

-29.99

24.67

Body
Weight

0.67

0.36

0.99

1.00

Female
Model
Constant

0.801

0.594

0.043
-85.10 -158.83 -11.37

Body
Weight

0.80

0.31

1.29

1.179

Muscle
Arm Area

3.29

0.12

6.47

1.179

The decay slope of the 60˚/second protocol was utilized in this
investigation due to its superior reliability (ICC = 0.941). However, it is unknown
whether this approach resulted in an appropriate amount of fatigue in all
participants. To further illustrate this point, to demonstrate the relationship
between peak torque and the decay slope values at 60˚/sec, a Pearson
correlation analysis examined the correlation between the in males and females,
separately. The inverse correlation (r = -0.729, p=0.001) in females is interpreted
as the participants with higher peak torque have a slope that is flatter, or that
these individuals fatigue more slowly. The correlation (r = -0.228, p=0.476) in
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males between peak torque and decay slope was not significant but indicated a
weak inverse relationship. Therefore, it appears that individuals with a higher
peak torque did not have a sufficient enough load to elicit a steeper decay slope,
and more repetitions at the 60˚/second angular speed may have been warranted.
Since the PSET is performed to failure, and assuming individuals provided
maximal effort, the test should have caused fatigue. Nevertheless, these current
data yielded the PSET to be a better indicator of muscular strength than
muscular endurance. Although the initial hypothesis of the PSET TTF being
highly correlated with the decay slope cannot be supported, the discrepancy
likely lies with the criterion of decay slope. Examining an isokinetic fatigue
protocol with more repetitions may be useful to produce adequate fatigue in
participants having the greatest peak torque value.
Limitations
In addition to the methodological considerations mentioned, this study is
not void of other limitations. One such limitation is the generalizability of these
results. Only non-painful individuals were used in this investigation with an
average age of 22.7 to 25.1 years in the two phases, respectively. Non-painful
individuals were used due to the nature of this investigation. The purpose of the
first aim was to determine the reliability of various methods using an isokinetic
dynamometer, and the second aim was to determine the construct validity of the
PSET TTF. So painful individuals were not included, but it does limit the
generalizability of the findings.
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A second limitation is the lack of criterion for quantifying fatigue of the
shoulder horizontal abduction motion. Isokinetic dynamometry offered a logical
means of quantifying fatigue.151,152,203 However, the authors had to make
assumptions when designing the fatiguing protocols. Chandler and colleagues,
152

used a 60˚/sec and 300˚/sec protocol in the upper extremity, while Habets and

colleagues203 compared a 60˚/sec and 180˚/sec protocol. Since the horizontal
abduction position is not frequently used in daily function, it was decided that
300˚/sec may be too fast for most individuals. In fact, the 180˚/sec speed was
never consistently obtained by any of the participants in this study. However, the
assumption of 20 repetitions in the 60˚/sec protocol was based on pilot data,
which determined that performing 20 repetitions at 60˚/sec would take
approximately one minute to perform. One minute has been previously reported
to be the average TTF of the PSET,190 but may not have been adequate to elicit
maximal fatigue in some individuals.
Conclusion
The findings of this study demonstrate that the reliability of the decay
slope is superior to the reliability of the fatigue indices. The PSET TTF is
moderately correlated with peak torque, but is poorly correlated with decay slope.
However, bodyweight is more predictive of the PSET TTF than any other variable
for both sexes. In attempting to keep a standard load for males and females, we
biased in favor of heavier participants by giving them lighter external loads, which
allowed them to hold the PSET for a longer duration. Further research needs to
be performed using a percentage of body weight to determine if results of this
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current investigation are supported or refuted and does a better job of testing
muscular endurance construct. Once the methodology of the PSET is polished,
it can be utilized as a clinical test for muscular endurance.
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Chapter 6: Summary
Non-traumatic shoulder pain ranks as the third leading cause of
musculoskeletal pain.2 Muscular endurance is a factor that contributes to nontraumatic shoulder pain.8-10,21,54 However, clinical measurement properties for
measures of shoulder muscular endurance are not well established. Establishing
measurement properties are essential prior to utilizing any clinical measure. The
Posterior Shoulder Endurance Test (PSET) is a clinical measure that offers many
attributes of a good clinical measure, yet the clinical utility needs to be further
established. If the PSET demonstrates good clinical utility, it can be used to
track the progress of muscular endurance, which is a contributor to non-traumatic
shoulder pain. Therefore, the overarching aim of this dissertation was to
examine the psychometric properties of a new clinical test called the PSET as
there are limited measures of shoulder endurance currently available for clinical
practice.
Hypotheses and Findings for Specific Aim 1
Specific Aim 1 was to investigate if differences exist between shoulder
musculature and time to fatigue between two previously used test positions at
90˚ and 135˚ abducted positions. This aim was addressed with three hypotheses.
Hypothesis 1: There will be no difference in muscle fatigue rates between the 90˚
and 135˚ shoulder joint angles as determined by electromyography median
frequency decay of the first 20 seconds of the activity.
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Finding: The hypothesis was accepted for males and was rejected for females.
The female group final regression model showed the median frequency slope
during the 135° testing position (-0.749 ± .03) than the 90° testing position (-0.63
± .03, Adj. p=.0009) indicating that the 135° position fatigued more quickly
Hypothesis 2: The PSET will demonstrate fatigue in all posterior shoulder girdle
muscles equally.
Finding: This hypothesis was supported for both males and females overall as all
five muscles fatigued at the same rate. Two muscles for males were significantly
different. The pairwise comparison revealed that the posterior deltoid (-0.87 ±
0.08) median frequency slope was greater than the upper trapezius (-0.59 ±
0.09) median frequency slope (p= 0.02). Also, two muscles for females were
significantly different. Pairwise comparison revealed that the posterior deltoid
(mean ± SE = -0.81 ± 0.04) fatigued faster than the lower trapezius (-0.58 ± 0.04)
(p= 0.008)
Hypothesis 3: The time to failure (sec) will be longer in the 90˚ position compared
to the 135˚ position.
Finding: This hypothesis was accepted for both males and females. The 90°
testing position (58.1 ± 2.4 seconds) was longer than the 135° testing position
(49.2 ± 2.5 seconds) (p=.016) in female participants. Similarly, the male
population took significantly longer to reach the time to failure in the 90° position
(68.5 ± 2.8 seconds) than the 135° position (59.6 ± 2.4 seconds) (p=.019).
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Hypotheses and Findings for Specific Aim 2
Specific Aim 2 investigated three psychometric properties reliability,
responsiveness, and discriminate validity. Two hypotheses were used to
investigate these characteristics of the PSET.
Hypothesis 1: The PSET will have moderate to good reliability (ICC≥0.70) in both
non-painful and painful individuals.
Finding: Hypothesis 1 was accepted. The PSET time to failure (sec) ICC
(95%CI) for the entire group was 0.80 (0.58 – 0.91), ICC for the painful
population was 0.77 (0.40 - 0.93), and ICC for non-painful population was 0.85
(0.58 – 0.95).
Hypothesis 2: The PSET will be able to differentiate between individuals with and
without shoulder pain.
Finding: This hypothesis for the male participants was accepted, but the
hypothesis for the female participants was partially accepted and needs further
study due to a lower area under the curve. Male receiver operating curve
(AUC(CI95%) = 0.833(0.58-1.0)) and female receiver operating curve (AUC(CI95%)
= 0.633(0.361-0.906)) demonstrated cut scores based on the best combination of
sensitivity and specificity of 47 and 46 seconds respectively.
Hypotheses and Findings for Specific Aim 3
Specific Aim 3 continued to focus on examining the construct validity of the PSET
by comparing the TTF to an established criterion from an isokinetic fatiguing
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protocol. In this study, part one required us to create a criterion, and in part two,
the PSET TTF was compared to the criterion for endurance and the peak torque.
Aim three tested three hypotheses.
Hypothesis 1: A 60˚/second shoulder horizontal abduction/adduction isokinetic
protocol will be more reliable than a 180˚/second shoulder horizontal
abduction/adduction isokinetic protocol.
Finding: Hypothesis one was accepted. The reliability of the peak toque decay
slope of 60˚/sec protocol was the only acceptable reliability measure (ICC =
0.941), with the next closest reliability being the decay slope of the 180˚/sec
isokinetic protocol (ICC = 0.764).
Hypothesis 2: The PSET will have a strong correlation (r>0.70) with the peak
torque decay slope found from a 60˚/second shoulder horizontal
abduction/adduction protocol.
Finding: This hypothesis was not accepted, as the PSET was weakly correlated
with the peak torque decay slope in both sexes (male r = 0.366; female r = 0.148).
Hypothesis 3: The PSET will have a moderate correlation (0.40<r>0.70) with the
peak torque, which would represent a strength measurement.
Finding: This hypothesis was accepted in the female population (r = 0.447) and
the male population (r = 0.650). Demonstrating that the PSET time to failure is
more correlated with strength than endurance.
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Synthesis and Application of Results
Measurements of posterior shoulder endurance are limited in current
clinical practice. In addition to limited mobility and strength deficits, shoulder
endurance is implicated as a cause of shoulder pain.10,21 Clinicians need
measurement tools that are reliable, valid, and responsive. The overall purpose
of this dissertation was to improve the clinical utility of a measure of posterior
shoulder muscle endurance by establishing clinical measurement properties of
the Posterior Shoulder Endurance Test.
This dissertation found that the PSET is fatiguing muscles in the posterior
scapulothoracic muscles and rotator cuff equally, with one exception in male and
one exception in female populations. Other studies have demonstrated that
scapular and rotator cuff muscular fatigue alters kinematics, which may
contribute to shoulder pain.61-63,207 A 90˚ shoulder abduction position required
more time to achieve failure of testing compared to the 135˚ shoulder abduction
position, suggesting that the 90˚ position is better at measuring muscular
endurance. Standardizing external torque of the PSET between participants
bestows good reliability in painful and non-painful individuals. Additionally,
individuals with and without shoulder pain score differently on the PSET with a
cut-off score of 46 and 47 seconds for males and females, respectively. Of
course, larger sample sizes will be needed to confirm or refine these thresholds.
A minimal detectable change of 17 seconds for non-painful subjects and 31
seconds for painful subjects provides clinicians with a level of internal
responsiveness to help guide treatment decisions. Therefore, these data
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suggest that the PSET has discriminant validity supporting the hypothesis that
poor muscular endurance may contribute to shoulder pain.

8,9,21,54

Reliability,

validity, and responsiveness are important measures of any clinical
measurement.123
The construct which the PSET best describes remains controversial. In
order to quantify a muscle performance construct, it was assumed that strength
and endurance are mutually exclusive, which may not be a correct assumption.
Current data support the PSET as more of a muscular strength measure.
However, limitations in the comparative criterion and the standardization of the
external torque appear to have biased those results. Further study is warranted
to re-examine the clinical measurement properties of the PSET using a
percentage of body weight for the external load as opposed to a standardized
load between participants.
Overall, the PSET is a clinically reliable and valid test. The PSET may
need some refinement, which is to be expected with a novel measures. Further
evidence of various forms of validity and measures of external responsiveness
needs yet to be assessed. Additionally, knowing if the time to failure of the PSET
offers any predictability to a future shoulder injury is of importance. If the time to
failure of the PSET is determined to be linked to future injury, then prehabilitation could help prevent non-traumatic shoulder pain, which has been the
third leading cause of musculoskeletal injury in the United States.
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